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exposure  to  air,  is  doubtless  generally  due  to  the  presence  of  blood-cor- 
puscles, aud  may  bo  explained  in  the  same  way  as  the  occasional  red  colour 
of  lymph. 

Like  blood  and  lymph,  both  of  which  fluids  it  greatly  resembles  in  con- 
stitution, the  chyle  consists  of  a  liquid  holding  small  particles  in  suspension. 
Those  particles  are,  1.  Chyle  corpuscles,  or  chyle  globules,  precisely  like  the 
lymph  globules  and  pale  blood  corpuscles  already  described,  2,  Molecules, 
of  almost  immeasurably  minute  but  remarkably  uniform  size.  These  abound 
in  the  fluid,  and  form  an  opaque  white  molecular  matter  diffused  in  it,  which 
Mr.  Gulliver  has  named  the  molecular  base  of  the  chyle.  The  addition  of 
ether  instantly  dissolves  this  matter,  and  renders  the  chyle  nearly,  but  not 
quite,  transparent  ;  whence  it  may  be  inferred  that  the  molecules  are  minute 
particles  of  fatty  matter,  and  no  doubt  the  chief  cause  of  the  opacity  and 
whiteness  of  the  chyle.  According  to  the  late  Prof.  H.  Miiller,  they  are 
each  coated  with  a  fine  film  of  albuminoid  matter.  They  exhibit  the  usual 
tremulous  movements  common  to  the  molecules  of  many  other  substances. 
3,  Oil  globules  ;  these  are  of  various  sizes,  but  much  larger  than  the  mole- 
cules above  described,  and  are  often  found  in  the  chyle  in  considerable 
numbers.  4,  Minute  spherules  (Gulliver),  from  o  Tu'oTJ  inch 
in  diameter  ;  probably  of  an  albuminous  nature,  aud  distinguished  from  the 
fatty  molecules  by  their  varying  magnitude  and  their  insolubility  in  ether. 
The  Free  nuclei  described  in  the  chyle  by  Kolliker  he  now  considers  to  be 
derived  from  corpuscles  accidentally  ruptured  in  the  examination. 

The  plasma,  or  liquid  part  of  the  chyle,  contains  fibrin,  so  that  chyle 
coagulates  on  being  drawn  from  tKe  vessels,  and  nearly  all  the.  chyle  cor- 
puscles, with  part  of  the  molecular  base,  are  involved  in  the  clot.  The 
serum  which  remains,  resembles  in  composition  the  serum  of  lymph  ;  the 
most  notable  difference  between  them  being  the  larger  proportion  of  fatty 
matter  contained  in  the  chyle-serum. 


The  following  analyses  of  lymph  and  chyle  exhibit  the  proportions  of  the  different 
ingredients ;  but  it  must  be  explained  that  the  amount  of  the  corpuscles  cannot  be 
separately  given,  the  greater  part  of  them  being  included  in  the  clot  and  reckoned 
a.s  fibrin.  No.  1  is  the  mean  of  two  analyses,  by  Gubler  and  Quevenne,  of  human 
lymph  taken  during  life  from  the  lymphatics  of  the  thigh  ;  No.  2,  the  mean  of  three 
analy.ses  by  Gmclin  of  lymph  from  the  thoracic  duct  of  horses  after  privation  of  food  ; 
No.  3,  by  Dr.  0.  Eees,  of  chyle  from  the  lacteals  of  an  ass,  after  passing  the 
mesenteric  glands. 
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The  extractive  matters  of  the  chyle  and  lymph  probably  vary  with  the  nature  of  the 
tooc  :  they  generally  contain  sugar  and  urea  in  appreciable  quantities. 
_  Ihe  chyle,  when  taken  from  the  lacteal  vessels  before  it  has  reached  the  glands, 
IS  generally  found  to  coagulate  les.  firmly  than  in  a  more  advanced  stage  of  its 
Inf^l-Jj"  ;  ^^'"P'''  ^'''■"'■^  P'^^^''^?  "-''^  lymphatic  gland.s,  occasion- 

U.^r.r  1  '  .  f."^"''  "'^^'^  coagulation;  but  Mr.  Lane  justly  remarks,  that  the 
ijmpn  does  not  differ  m  coagulabilit,y  in  the  different  stages  of  its  progress  sa 
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FOllMATION  OF  BLOOD  CORPUSCLES. 


decidedly  and  80  generally  as  lias  been  sometimes  alleged;  and  this  observation 
accords  with  the  statement  of  Mr.  Hewson  on  the  same  point. 

Dr.  Rees  has  examined  the  fluid  contained  in  the  thoracic  duct  of  the  human 
subject.  It  was  obtained  from  the  body  of  a  criminal  an  hour  and  a  half  after 
execution,  and,  from  the  small  quantity  of  food  taken  for  some  hours  before  death, 
It  muj  have  consisted  principally  of  lymph.  It  had  a  milky  hue  with  a  slight  tinge 
ot  butt  ;  part  of  it  coagulated  feebly  on  cooling:  its  specific  gravity  was  1024.  Its 
analysis,  compared  with  that  of  chyle  from  the  ass,  showed  less  water,  more  albumen, 
less  aqueous  extractive,  and  a  great  deal  less  fat. 

FORMATION  OF  THE  COBfUSCLES  OF  THE  LYMPH  AND  CHYLE. 

The  lymph-plasma  appears  to  consist  fundamentally  of  blood-plasma,  which, 
having  exuded  from  the  capillary  blood-vessels  and  yielded  nutritive  material  to  the 
tissues,  is,  with  more  or  less  admixture  of  waste  products,  returned  by  the  lymphatics. 
As  to  the  origin  of  the  lymph  and  chyle  corpuscles,  it  may,  in  the  first  place,  be 
observed  that  the  greatly  increased  proportion  of  these  bodies  in  the  vessels  which 
issue  from  the  lymphatic  glands,  and  the  vast  store  of  corpuscles  having  the  same 
characters  contained  in  the  interior  recesses  of  these  glands,  are  unmistakeable  indi- 
cations that  the  glands  are  at  least  a  principal  seat  of  their  production.  They  are, 
most  probably,  produced  by  division  of  parent  corpuscles  or  cells  contained  in  the 
glands,  and  in  some  measure  also  by  further  division  of  corpuscles  thus  produced, 
after  they  have  made  their  way  into  the  lymphatic  vessels.  The  corpuscles  found 
sparingly  both  in  chyle  and  lymph  before  passing  the  mesenteric  glands  may  be  in 
part  formed  in  the  agminated  and  solitary  follicular  glands  of  the  intestine — which, 
though  diflFering  so  much  in  form,  yet  in  essential  structure  have  much  in  common 
with  the  lymphatic  glands — and  may  come  partly  also  from  the  irregular  deposits  of 
pale  corpuscles,  which  have  recently  been  recognised  in  the  intestinal  mucous  mem- 
brane. Lymph-corpuscles  are  supposed  also  to  be  produced  in  the  spleen,  and  in  the 
thymus  and  thyroid  glands;  but  corpuscles,  although  few  in  number,  and  not 
invariably  present,  have  been  found  in  the  lymph  of  various  regions  of  the  body 
before  it  has  reached  the  glands,  and  they  are  present  in  the  lymph  of  cold-blooded 
vertebrata,  whose  lymphatic  vessels,  although  forming  a  well  developed  system,  do 
not  pass  through  glands.  It,  therefore,  seems  necessary  to  admit  some  further  source 
of  the  corpuscles  ;  but  what  this  may  be  is  very  much  a  matter  of  conjecture.  It 
has  been  suggested  that  lymph  corpuscles  are  produced  by  multiplication  of  cells  in 
the  epithelium  which  lines  the  lymphatic  vessels,  in  the  same  way  as  mucous  cor- 
puscles are  supposed  to  be  formed  from  the  epithelium  of  mucous  membranes. 

FORMATION  OF  THE  BLOOD  CORPUSCLES. 

In  the  embryo  of  hatrachians. — In  the  early  embrj'o  of  the  frog  and  newt  (in  which, 
perhaps,  the  steps  of  the  process  are  best  ascertained),  at  the  time  when  the  circu- 
lation of  the  blood  commences,  the  corpuscles  in  that  fluid  appear  as  rounded  cells, 
filled  with  granular  matter,  and  of  larger  average  size  than  the  future  blood  corpuscles. 
The  bodies  in  question,  altliough  spoken  of  as  cells  and  presenting  a  regularly-defined 
outline,  have  no  separable  envelope.  They  contain,  concealed  in  the  mid.-it  of  the 
granular  mass,  a  pellucid  globular  nucleus,  which  usually  presents  one  or  two  small 
clear  specks,  situated  eccentricallJ^  The  granular  contents  consist  partly  of  fine 
molecules,  exhibiting  the  usual  molecular  movements ;  and  partly  of  little  angular 
plates,  or  tablets,  of  a  solid  substance,  probably  of  a  fatty  nature.  After  a  few  days, 
most  of  the  cells. -have  assumed  an  oval  figure,  and  are  somewhat  reduced  in  size; 
and  the  granular  matter  is  greatly  diminished  in  quantity,  so  that  the  nucleus  is 
conspicuous.  Now,  also,  the  blood  corpuscles,  previously  colourless,  have  acquired  a 
yellowish  or  faintly  red  colour.  In  a  further  stage,  the  already  oval  cell  is  flattened, 
the  granules  entirely  disappear,  the  colour  is  more  decided,  and,  in  short,  the  blood 
corpuscle  acquires  its  permanent  characters.  From  this  description  it  will  be  seen 
that  the  blood-cells  which  first  appear  agree  in  nature  with  the  embryonic  cells 
(described  at  page  xvi),  and  they  are,  in  all  probability,  produced  by  the  process  of 
segmentation,  which  is  known  to  take  place  in  the  frog's  ovum.  The  different  parts 
of  the  embryo  in  its  early  condition,  the  heart,  for  example,  are  for  a  time  entirely 
composed  of  cells  of  the  same  kind,  and  all  have  probably  a  common  origin. 
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In  the  bird. — In  the  egg  of  the  bird,  the  first  appearance  of  blood  corpuscles,  as 
well  as  of  blood-vessels,  is  seen  in  the  blastoderma,  or  germinal  membrane,  a  structure 
formed  by  the  extension  of  the  cicatricula  in  the  early  stages  of  incubation.  'J  he 
commencing  embryo,  with  its  simple  tubular  heart,  is  seen  in  the  middle  of  this 
circular  membrane,  and  blood-vessels,  containing  blood  corpuscles,  appear  over  a 
great  part  of  its  area.  These  first  vessels,  therefore,  though  connected  with  the 
heart,  and  intended  to  convey  nutriment  to  the  embryo,  are  formed  in  an  exterior 
structure  ;  but  in  a  somewhat  later  stage,  blood-vessels  and  corpuscles  are  developed 
in  various  textures  and  organs  within  the  body.  The  formation  of  blood  corpuscles 
in  the  vascular  area  of  the  blastoderma  has  been  sedulously  investigated  by  various 
inquirers ;  and  from  their  concurrent  statements,  we  learn  that  these  corpuscles,  at  a 
certain  stage  of  their  progress,  are  rounded  bodies,  larger  than  the  blood-disks  of  the 
adult.  They  contain  a  granular  nucleus,  and  are  quite  devoid  of  colour.  These 
spheroidal  colourless  corpuscles  in  their  further  advancement  become  flattened,  and 
assume  an  oval  figure.  While  undergoing  these  changes  of  form,  they  acquire  a 
red  colour,  which  is  at  first  faint  and  yellowish,  but  gradually  deepens. 

As  to  the  earlier  part  of  the  process — the  production  of  the  above-mentioned  round 
cells,  whose  subsequent  conversion  into  coloured  oval  disks  has  just  been  described — 
it  has  been  held  that  the  cells  which  form  the  substance  of  the  blastoderma  and 
embryo  partly  pass  directly  into  blood  corpuscles,  and  partly  generate  the  latter  by 
fissiparous  multiplication. 

In  man  and  mammalia. — In  the  embryo  of  man  and  mammalia  the  primitive 
blood  corpuscles  are  round,  nucleated,  colourless  bodies,  as  in  the  cases  above  de- 
scribed. Their  substance,  originally  granular,  speedily  clears  up  and  acquires  colour, 
and  thus  they  appear  as  nucleated  red  corpuscles,  of  spheroidal  shape,  and  of  much 
larger  size  than  the  future  red  disks.  They  are  embryonic  cells,  most  probably 
loosened  from  each  other  and  set  free  in  the  excavation  of  the  originally  solid  vessels 
in  the  blastoderma  and  embryo-body ;  and,  both  in  their  primitive  state  and  after 
acquiring  colour,  they  increase  in  number  by  fissiparous  multiplication,  as  represented 
in  fig.  XI.,  p.  xvii.  These  large  nucleated  red  and  colourless  corpuscles,  continuing 
to  increase  in  number,  constitute  the  earliest  and,  for  a  time,  the  only  corpuscles  in 
the  embryo-vessels.  But  their  multiplication  is  soon  arrested,  and  a  new  epoch  in 
blood-formation  begins  with  the  development  of  the  liver.  The  blood  which  returns 
to  the  embryo  charged  with  fresh  material  of  nutrition  from  the  maternal  system, 
has  then  to  pass,  at  first  entirely,  afterwards  in  great  part,  through  the  vessels  of  the 
liver,  and  it  would  seem  that  henceforth  colourless  nucleated  corpuscles  are  produced 
in  that  organ  and  poured  abundantly  into  the  general  mass  of  blood  by  the  hepatic 
veins.  It  is  probable  that  the  liver  continues  its  hfemapoietic  or  blood-forming 
function  throughout  foetal  life ;  but,  in  the  meanwhile,  the  spleen  and  lymphatic 
system  have  also  begun  to  produce  pale  corpuscles,  and  in  after  periods  supersede  the 
liver  in  that  office.  These  corpuscles,  either  immediately  or  after  fissiparous  multi- 
plication, acquire  colour  like  the  first — those  from  the  liver  and  spleen  pr6bably  in 
great  part  before  they  leave  these  organs — and  are  converted  into  nucleated  red 
corpuscles.  The  nucleated  red  corpuscles  thus  produced  are  gradually  converted 
into,  or  at  least  succeeded  by,  smaller  disk-shaped  red  corpuscles  without  nuclei, 
having  all  the  characters  of  the  blood-disks  ot  the  adult.  This  transition  or  sub- 
stitution begins  early,  and  proceeds  gradually,  until  at  length,  long  before  the  end  of 
intrauterine  life,  the  nucleated  red  corpuscles  have  altogether  vanished. 

Throughout  life  the  mass  of  blood  is  subject  to  continual  change  j  a  portion  of  it  is 
constantly  expended,  and  its  place  taken  by  a  fresh  supply.  It  is  certain  that  the 
corpuscles  are  not  exempted  from  this  general  change,  but  it  is  not  known  in  what 
manner  they  are  consumed,  nor  has  the  process  been  fully  traced  by  which  new  ones 
are  continually  formed  to  supply  the  place  of  the  old.  With  regard  to  the  latter 
question,  it  may  be  stated,  that  the  explanation  which  has  hitherto  found  most  favour 
with  physiologists  is,  that  the  corpuscles  of  the  chyle  and  lymph  passing  into  the 
sanguiferous  system,  become  the  pale  corpuscles  of  the  blood ;  and  that  these  last  are 
converted  into  red  disks.  Pale  corpuscles  are  also  generated  in  the  spleen,  and,  after 
part  of  them  have  changed  into  red  disks,  pass  directly  into  the  blood,  independently 
ft  those  derived  from  the  chyle  and  lymph.  As  to  the  manner  in  which  the  pale 
corpuscles  are  transformed  into  the  red,  there  is  considerable  difference  of  opinion. 

d  2 


lii 


EPlTHELIUJr. 


According  to  one  view  (adopted  by  Paget,  Kiilliker,  Funke,  and  others)  the  pale 
I  iiir  Lewt^^^^^^^^^^  become  flattened,  acquire  coloured  contenis,  lose  their  nuclei,  and 
Wharton  JoTcst,  f     '        ^'''^^  ^'^^'"'^'^^^^  °f  disks.    But  Mr. 

that  wh^kt  in  1  '  "^.T  "''^'"'^^'^  ''''''  °f  observations,  arrived  at  the  conclusion 
om.  n  l.,H.  P'^l°  °'  'y'^Pl^  corpuscle,.8uffering  merely 

rnlonl  l  H  ^7"^-  «o^tcnts,  becomes  the  red  disk,  its  nucleus  alone  is 
ev eloped  into  the  red  disk  of  mammalian  blood.  According  to  this  view  (supported 
by  Jiusk,  Huxley,  and  Gulliver),  M'hile  the  red  corpuscle  of  oviparous  vertebrata  is  the 
wanstorraed  pale  corpuscle— its  development  not  proceeding  beyond  this  sta<^e-the 
non-nucleated  red  disk  of  man  and  mammalia  is,  on  the  other  hand,  con.-idered  to  be, 
not  the  homologue  of  the  oval  nucleated  red  disk  of  the  oviparous  vertebrata,  but 
that  ot  Its  nucleus.  It  is  not  within  the  scope  of  this  work  to  enter  upon  a  discussion 
of  the  relative  merits  of  these  opinions,  and  the  reader  is  referred  to  physiological 
works  for  a  consideration  of  these  and  other  views  adopted  by  various  authors  upon 
the  point  at  issue. 


EPIDERMIC,  EPITHELIAL,  OR  CT3TICULAR  TISSUE. 

General  nature  and  situation. — It  is  well  known,  that  when  the  skin  is 
blistered,  a  thin,  and  nearly  transparent  membrane,  named  the  cuticle  or 
epidermis,  is  raised  from  its  surface.  In  like  manner,  a  transparent  film 
may  be  raised  from  the  lining  membrane  of  the  mouth,  similar  in  nature  to 
the  epidermis,  altbougb  it  has  in  this  situation  received  the  name  of 
"  epithelium  ;  "  and  under  the  latter  appellation,  a  coating  of  the  same 
kind  exists  on  nearly  all  free  surfaces  of  the  body.  It  is  true  that  in  many 
situations  the  epithelium  cannot  be  actually  raised  from  the  subjacent 
surface  as  a  coherent  membrane,  still  its  existence  as  a  coutiuuous  coating 
can  be  demonstrated  ;  and,  although  in  difl:erent  parts  it  presents  important 
differences,  it  has  in  all  cases  the  same  fundamental  structure,  and  its 
several  varieties  are  connected  by  certain  common  characters. 

The  existence  of  a  cuticular  covering  in  one  form  or  other,  has  been 
demonstrated  in  the  following  situations  :  viz.  1.  On  the  surface  of  the 
skin.  2.  On  mncous  membranes  ;  a  class  of  membranes  to  be  afterwards 
described,  which  line  those  internal  cavities  and  passages  of  the  body  that 
open  exteriorly,  viz.,  the  alimentary  canal,  the  lachiymal,  nasal,  tympanic, 
respiratory,  urinary,  and  genital  passages  ;  as  well  as  the  various  glandular 
recesses  and  ducts  of  glands,  which  open  into  these  passages  or  upon  the  • 
surface  of  the  skin.  3.  On  the  inner  or  free  surface  of  serous  membranes, 
which  line  the  walls  of  closed  cavities  in  the  head,  chest,  abdomen,  and 
other  parts.  4.  On  the  membranes  termed  synovial  within  the  joints. 
5.  On  the  inner  surface  of  the  blood-vessels  and  lymphatics. 

Structure  in  general. — This  tissue  has  no  vessels,  and,  except  in  certain 
parts  of  the  organs  of  the  senses,  is  devoid  of  nerves,  and  of  sensibility  ;  it, 
nevertheless,  possesses  a  decidedly  organised  structure.  Wherever  it  may 
exist,  it  is  formed  essentially  of  micleated  cells  united  together  by  cohesive 
matter,  often  in  too  small  quantity  to  be  apparent.  The  cells,  in 
whatever  way  they  may  be  produced,  make  their  appearance  first  in  the 
deepest  part  of  the  structure,  where  they  receive  material  for  growth  from 
the  blood-vessels  of  the  subjacent  tissue  ;  then,  usually  undergoing  con- 
siderable changes  in  size,  figure,  and  consistency,  they  gradually  rise  to  the 
surface,  where,  as  shown  at  least  in  various  important  examples,  they  are 
thrown  off  and  succeeded  by  others  from  beneath.  In  many  situations  the 
colls  form  several  layers,  in  which  they  may  be  seen  in  diflerent  stages  of 
progress,  from  their  first  appearance  to  their  final  desquamation.  The 
layer  or  layers  thus  formed,  take  the  shape  of  the  surface  to  which  they  arc 
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applied,  following  accurately  all  its  einiaences,  depressions  and  inequalities. 
Epithelium  when  destroyed  or  cast  off,  is,  for  the  most  part,  very  readily 
regenerated. 

In  accordauce  with  the  varied  purposes  which  the  epithelium  is  destined 
to  fulfil,  the  cells  of  which  it  is  composed  come  to  diller  in  different  situa- 
tions, in  figure  aud  size,  in  their  position  in  respect  of  each  other, 
their  degree  of  mutual  cohesion,  and  in  the  nature  of  the  matter  they 
contain,  as  well  as  in  the  vital  endowments  which  they  manifust  ;  and 
founded  on  these  modifications  of  its  constituent  cells,  or,  at  any  rate,  those 
forming  the  superficial  layer,  four  principal  varieties  of  epithelium  have  been 
recognised,  namely,  the  scaly,  the  columnar,  the  spheroidal,  and  the  ciliated, 
each  of  which  will  now  be  described  in  particular. 

It  may  first  be  remarked,  however,  that  amidst  these  changes  the  nucleus 
of  the  cell  xmdergoes  little  alteration,  and  its  characters  are  accordingly 
remarkably  uniform  throughout.  It  ia  round  or  oval,  and  more  or  less 
flattened  ;  its  diameter  measures  from  ^qVo^^       ■?onu*^  inch,  or 

more.  Its  substance  is  insoluble  in  acetic  acid,  aud  colourless,  or  but 
slightly  tinted.  It  usually  contains  one  or  two  nucleoli,  distinguished  by 
their  strong  dark  outline  ;  and  a  variable  number  of  more  faintly- marked 
granules  irregulai-ly  scattered.  For  the  most  part,  the  nucleus  is  persistent, 
but  in  some  cases  it  disappears  from  the  cell. 

Scaly   Epithelium.  —  The    scaly,    lamellar.  Fig.  XX. 

tabular,  or  flattened  epithelium  (comprehend- 
ing, in  part,  the  pavement  or  tesselated 
epithelium  of  the  German  anatomists).  In 
this  variety  the  epithelium  particles  have  the 
form  of  small  angular  plates,  or  thin  scales  ; 
in  some  situations  forming  a  single  thin  layer, 
in  others  accumulating  in  many  super-imposed 
strata,  so  as  to  afford  to  the  parts  they  cover 
a  defensive  coating  of  considerable  strength 
and  thickness. 

As  a  simple  layer,  it  is  found  on  the  serous, 
and  some  synovial  membranes,  the  inner  surface 
of  the  heart,  blood-vessels  and  absorbents ; 
also  partly  lining  the  cerebral  ventricles  and 
covering  the  choroid  plexuses  ;  on  certain  parts 
within  the  eye  and  ear,  and  iu  some  gland  ducts. 

If  the  surface  of  the  peritoneum,  pleura, 
pericardium,  or  other  serous  membraue  be 
gently  scraped  with  the  edge  of  a  knife,  a 
small  quautity  of  soft  matter  wiU  be  brought  away,  which,  when  examined 
with  the  microscope,  will  be  fouud  to  contain  little  shred-like  fragments  of 
epithelium,  m  which  a  few  of  its  constituent  particles  still  hold  together,  like 
the  pieces  composing  a  mosaic  work  (fig.  xx. ).  These  particles,  which  are  flat- 
tened cells  have  for  the  most  part  a  polygonal  figure,  and  are  united  to  each 
other  by  their  edges.  Each  has  a  nucleus,  apparently  iu  or  near  the  centre. 
Ihe  addition  of  weak  acetic  acid  renders  the  augular  outline  of  the  cells  as 
well  as  the  nucleus  more  distinct.  The  cells  differ  somewhat  in  size  on  dif- 
torent  parts  of  the  serous  membrane;  and  those  which  cover  the  plexus 
choroides  send  downwards  short,  pointed,  transparent  processes  towards  the 
subjacent  tissue. 

The  epithelium  of  the  vascular  system  resembles  in  many  pai-ts  that  of 


Fig.  XX. — Fragment  op  Epi- 
thelium FROM  A  Serous 
Membrane  (Peritoneum)  ; 
magnified  410  diameters. 


«,  cell ;  6,  nucleus 
cleoli  (Henle). 


c,  nu- 
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the  sorou3  membranes  ;  but  in  some  situations,  and  especially  in  the  arteries, 
the  flattened  cells,  together  with  their  nuclei,  assume  an  oblong  fusiform 
figure,  and  sometimes  their  outline  becomes  indistinct  from  blending  of 
neighbouring  cells. 

A  scaly  epithelium,  in  which  the  cells  form  several  layers,  (thence  named 
stratified)  covers  the  skin,  where  it  constitutes  the  scarf-skin  or 
epidermis,  which,  together  with  the  hairs  and  nails,  will  be  afterwards  more 
fully  described.  In  this  form  it  exists,  also,  on  the  conjunctival  covering 
of  the  eyeball  ;  on  the  membrane  of  the  nose  for  a  short  distance  inwardly  ; 
on  the  tongue  and  the  inside  of  the  mouth,  throat  and  gullet  ;  on  the  vulva 
and  vagina,  extending  some  way  into  the  cervix  of  the  uterus  ;  also  (in  both 
sexes),  on  a  very  small  extent  of  the  membrane  of  the  urethra,  adjoining  the 
external  orifice.     It  is  found,  also,  on  the  synovial  membranes  which  line 

the  joints.    Its  principal  use,  no  doubt. 
Fig.  XXI.  is  to  afford  a  protective  covering  to 

these  surfaces,  which  are  almost  all 
more  or  less  exposed  to  friction. 

The  cells  in  this  sort  of  epithelium 
become    converted    into   broad  thin 

scales,  from  -35-0  *°  'S'^o' 
diameter,  which  are  loosened  and  cast 
off  at  the  free  siirface.  Such  scales, 
both  single  and  connected  in  little 
patches,  may  be  at  all  times  seen  with 
the  microscope  in  mucus  scraped  from 
the  inside  of  the  mouth,  as  shown  in 
fig.  XXI,  ;  but  to  trace  the  progressive 
changes  of  the  cells,  they  must  be  suc- 
cessively examined  at  different  depths  from  the  surface,  and  the  epithelium 
must  also  be  viewed  in  profile,  or  in  a  perpendicular  section,  as  exhibited  in 

fig.  XXII. 

The  deepest  cells,  or  those  next  the  subjacent  tissue, 

Fig.  xxn. 


Fig.  XXI. — Epithelium  Scales  from 

THE  INSIDE  OP  THE  MoUTH  ;  MAGNI- 
FIED 260  DiAMETEKS  (Henlc;. 


are  sometimes 


Fig.  XXII.-Epithelium  from  the  Conjunctiva  of  the  Calf,  folded  so  that  the 

i-K^K   SURFACE   FORMS   THE   UPPER   BORDER   OF   THE   FIGURE,    AND   RENDERED  TRANS- 

PARENT  Bif  Acetic  Acid. 

1  2  3  4  5,  progressive  flattening  of  the  cells  as  they  rise  to  the  surface.  The 
outUne'fiLe'sr  present  single  cells  from  different  depths,  viewed  on  their  surface;  and 
at  i'  and  sTedgeways.    Magoified  410  diameters  (chiefly  after  Heule). 
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rounded  or  spheroidal  in  shape  (fig.  xxii., '),  and  but  little  larger  than  their 
uucleus  ;  but  more  commonly  the  undermost  layer  is  formed  (as  shown  in 
ii<r.  xxii'i.)  of  oblong  cells,  which  are  placed  vertically,  and  may  be  larger  m 
ske  thau  the  round°celL8  which  lie  immediately  over  them.  Such  oblong 
vertical  ceUs  occur  in  the  undermost  layer  of  the  epidermis,  and  similarly  in 
the  epitheUum  of  the  cornea  and  of  various  parts  of  the  mucous  membranes. 
Sometimes  they  form  two  or  three  successive  rows.  Higher  up  in  the  mass 
the  cells  are  enlarged  ;  they  have  a  globular  or  oval  figure,  and  are  filled 
with  soft  matter  ;  they  next  become  flattened,  but  still  retam  their  round 
or  oval  outline  ;  then  the  coutiuued  flattening  causes  their  opposite  sides  to 
meet  and  cohere,  except  Avhere  separated  by  the  nucleus,  and  they  are  at 
length    converted   into  thin 

scales,  which  form  the  upper-  Fig.  XXIII. 

most  layers.  While  they  are 
undergoiug  tliis  change  of 
figure,  their  substance  becomes 
more  firm  and  solid,  and  their 
chemical  nature  is  more  or 
less  altered ;  for  the  cell- 
membrane  of  the  softer  and 
more  deep-seated  cells  may  be 
dissolved  by  acetic  acid,  which 
is  not  the  case  with  those 
neai-er  the  sm-face.  The  nu- 
cleus at  first  enlarges,  as  well 
as  the  ceU,  but  in  a  much 

less  degree.  The  scales  near  the  surface  overlap  a  little  at  their  edges,  and 
their  figure  is  very  various  ;  somewhat  deeper  it  is  mostly  polygonal,  aud 
more  uniform. 

In  various  parts,  the  more  superficial  and  denser  layers  of  the  scaly 
epithelium  can  be  readily  separated  from  the  deeper,  more  recently  formed, 
softer  and  more  opaque  part  which  lies  underneath  ;  so  that  the  latter 
is  often  distinguished  as  the  Malpighian  or  mucous  layer  (stratum  or  rete 
mucosuni),  although  it  is  now  well  understood  not  to  be  an  indeisendent 
membrane.    This  point  Tyill  be  again  noticed  in  treating  of  the  skin. 


Fig.  XXIII.— Diagram  op  Section  of  Epithe- 
lium, IN  WHICH  THE  UKDEKMOSI  CELLS  ARE 
OBLONa  AND  VERTICAL. 


Fun-owed  and  spinous  cells  of  epithelium. — It  was  long  since  noticed  by  Henle 
that  the  flattened  cells  sometimes  present  a  striated  appearance,  and  quite  recently 
Max  Schultze  and  Virchow  have  described  cells  marked  on  the  surface  with  parallel 
ridges  and  furrows  {Riffzellen),  and  others  (Stachelzellen)  covered  with  spines,  and 
therefore  presenting  a  fringed  or  denticulate  border  (fig.  xxiv.).  Both  varieties  have 
been  found  in  the  epithelium  of  the  tongue,  lips,  and  conjunctiva,  and  in  the 
epidermis ;  and  in  all  cases  are  confined  to  the  deeper  or  Malpighian  layers.  Similar 
cells  have  been  found  in  epithelial  cancer  and  in  cancroid  tumours ;  and  flattened 
cells,  beset  with  minute  spines  on  their  free  surface,  have  recently  been  noticed  (by 
BrouefF  and  Eberth)  in  the  epithelium  covering  the  inner  surface  of  the  cat's 
amnion. 

In  thin  vertical  sections  of  the  epidermis  of  the  fingers  I  have  seen  what  appeared 
to  be  cells  with  a  deeply  serrated  outline,  in  the  Malpighian  layer,  but  I  have  not 
been  able  to  separate  them  so  as  to  examine  them  singly. 

Growth. — It  must  be  admitted  that  the  continued  production  of  new  cells  by  which 
this  and  other  kinds  of  epithelium  are  maintained,  is  not  yet  thoroughly  understood. 
It  was  at  one  time  commonly  believed  that  the  cells  which  go  through  the  changes 
of  form  and  position  already  described,  are  formed  from  nuclei  arising  by  independent 
formation  in  a  blastema  supplied  by  the  subjacent  vascular  membrane;  but  it  is  now 
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Fig.  XXIV. 


more  generally  held  that  the  new  epithelium-cells  are  produced  by  division  of  pre- 
existing cells  in  the  lowermost  stratum.  In  the  earliest  condition  of  the  embryo 
there  are  special  layers  of  cells,  derived  from  the  primitive  embryonic  cells,  set  aside 
tor  the  production  of  the  epidermis  and  of  the  intestinal  and  glandular  epithelium  ; 
and  It  13  quite  conceivable,  and  by  some  histologisfs  considered  most  probable,  that 

the  subsequent  generations  of  epidermic  and  epithelial 
cells  by  which  the  tissue  is  throughout  life  main- 
tained, are  derived  by  unbroken  descent  from  the 
original  embryonic  stratum.  At  the  same  time  the 
reproduction  of  epidermis  in  cicatrices  after  wide 
and  deep  destruction  of  the  subjacent  skin,  implies 
some  other  source  of  new  cells ;  unless  indeed  it  be 
supposed  that  the  new  cuticle  grows  exclusively  from 
the  old  at  the  circumference  of  the  sore.  Setting 
aside  this  suppo.sition,  we  might  conceive  the  new 
cells  to  come  from  the  connective-tissue  corpuscles  of 
the  granulating  surface  of  the  new-growing  skin;  and 
a  recent  writer  (Dr.  Otto  Weber)  describes  such  mode 
of  reproduction  of  epidermis  as  actually  observed  by 
him  in  the  healing  of  wounds ;  moreover,  it  may  be 
questioned  whether,  in  certain  situations,  this  may 
not  be  the  regular  process  by  which  the  growth  of 
epithelium  is  maintained. 

When  the  lowermost  cells  are  elongated  and  vertical, 
it  is  difficult  to  conceive  that  they  rise  up  as  such, 
and  take  their  place  in  the  upper  strata ;  for  the  cells 
next  above  them  are  spheroidal  in  shape  and  smaller 
in  size.  It  seems  more  likely  that  thej'  divide  into 
or  produce  the  smaller  cells.  It  might  be  supposed  that  an  oblong  vertical 
cell,  by  division  of  its  nucleus  and  separation  of  the  upper  portion  of  the  cell-body, 
produces  a  new  and  smaller  cell,  which  rises  up,  while  the  parent  cell  maintains 
its  place,  and  lengthens  out  again  for  a  repetition  of  the  process.  Dr.  Schneider  * 
describes  appearances  actually  observed  by  him  in  the  epithelium  covering  the  front 
of  the  cornea,  which  seem  to  indicate  a  process  of  this  kind ;  but  much  more  extended 
observations  are  required  to  settle  the  point.  I  have  seen  cells  with  double  or  divided 
nuclei  in  the  epithelium  of  the  bladder,  but  not  confined  to  the  deep  strata;  on 

the  other  hand,  I  have  never 
Fig.  XXV.  been  able  to  perceive  indica- 

tions of  division  in  the  deep 
A  B  C  vertical  cells  of  the  epider- 

mis ;  at  the  same  time  it  is 
plain  that  the  latter  are  not 
^\       mere  nuclei  imbedded  in  a 
\      blastema ; — the   nucleus  is 
\         «     surrounded  by  a  tolerably 
;         I     well-marked  cell-body,  which 
/  has  a  deeply  denticulate  or 

/      fringed  border  at  the  part 
/'        turned  towards  the  corium. 


Fig.  XXIV.— Spinous  Cells 

JfROM  THE  MaLPIGHIAN 
LAYEK  OF  THE  HtJMAN  EPI- 
DERMIS ;     ABOUT  jjig  INCH 

IN  DIAMETER  (after  M. 
Schultze,  Virch.  Arch.  vol. 
30). 


Columnar  Epithelium 
(Cylinderepithelium  of 
Germ.  Anat.). — lu  this 
variety  (figs.  xxv.  and 
XXVI.),  the  constituent 
cells  are  elongated  in  a  direction  perpendicular  to  the  surface  of  the  meinbrane, 
SO  as  to  form  short  upright  columns,  which  may  be  of  the  same  thickness 


Fig.   XXV. — A,   Columns  op  Epithelium  from  the 
Intestine  magnified  ;  B,  viewed  by  their  broad 

FREE  extremity  ;    C,    SEEN  IN  A  TRANSVERSE  SECTION 

OF  AN  Intestinal  Villus  (from  Henle). 


*  Wiirzb.  Naturwiss  :  Zeitschrift,  vol.  iii.  1S62. 
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throughout,  but  are,  more  frequently,  smaller  or  even  pointed  at  their 
lower^or  attached  extremity,  aud  broader  at  the  upper  (fig.  xxv.  a). 
They  are  mcstly  flattouei  on  their  sides,  by  which  they  are  in  mutual 
apposition,  at  least  in  their  upper  and  broaded  part,  and  have,  therefore, 
so  far  a  prismatic  figure,  their  broad  flat  ends  appearing  at  the  surface  of 
the  epithelium  in  form  of  little  polygonal  areas  (fig.  xxv.  b).  The 
nucleus,  usually  oval,  and  conttiining  a  nucleolus,  is  placed  near  the  middle 
of  the  column,  and  is  often  so  large  in  proportion  to  the  cell,  as  to  cause 
a  bulging  at  that  part  ;  in  which  case  the  height  of  the  nucleus  difl-ers  in 
contiguous  columns,  the  better  to  allow  of  mutual  adaptation. 

This  variety  of  epithelium  is 
confined  to  mucous  membranes.  pjg_  XXVI. 

It  is  found  in  the  stomach  ;  on 
the  mucous  membrane  of  the 
intestines  in  its  whole  extent  ; 
in  the  whole  length  of  the 
urethra,  except  a  small  part  at 

the  orifice.      It  extends  along          ^"      '  j  J 

the  ducts  of  the  greater  number 
of  glands,    whether   large  or 
small,  which  open  on  the  mu-    Fig-  XXVL -Epithelium    fkom  ^ti'.al 
'      ,  uii.ii        1         VILLUS  OF  A  Rabbit  ;    magnified  3U0  dia- 

cous  membrane,  but  not  through 

their  entire  length  ;  for,  at  their  ■  ^  ,    ,    ,c      Tr  ii-v^\ 

^,        ,     ,  r,  a,  Thick  border  (from  Kolliker). 

extremities,  these  ducts  have  lor 

the  most  part  an  epithelium  of 

a  different  character.    It  covers  also  the  inner  membrane  of  the  gall-bladder. 

In  these  different  situations  the  cells  form  but  a  single  layer.  On  the 
proper  olfactory  region  of  the  nasal  mucous  membrane  there  is  a  modification 
of  the  columnar  epithelium,  in  which  the  cells,  tinged  with  brownish  yellow 
pigment,  are  associated  with  the  terminations  of  the  olfactory  nerves,  and 
present  other  peculiarities,  which  will  be  noticed  in  the  special  description  of 
the  organ  of  smelling. 

The  substance  ordinarily  contained  in  the  columnar  cells  has  a  faintly  granular 
aspect,  and  consists  chiefly  of  mucus,  which  is  no  doubt  produced  in  the  cell.  Under 
exposure  to  water  this  mucus  swells  up  and  escapes  in  form  of  a  pellucid  drop 
(fig.  XXVII.,  a,  h).  During  digestion  of  food  containing  oil  or  fat,  the  cells  of  the 
intestinal  epithelium  are  often  found  to  be  filled  with  minute  fat-molecules;  as  if 
they  had  some  part  to  perform  in  the  absorption  of  that  aliment.  The  wall  of  the 
cell  forming  the  basis  or  free  end  is  comparatively  thick  (fig.  xxvi.,  a),  and  is  marked 
by  fine  parallel  lines  running  perpendicular  to  the  surface  (fig.  xxvii.,  1,  2).  The 
thick,  striated  border  is  superadded,  as  it  were,  to  the  thin  proper  wall  forming  the 
base  of  the  cell,  and  is  regarded  by  Kolliker,  who  first  pointed  out  its  striated 
character,  as  an  excreted  product  of  the  cell,  deposited  upon  its  outer  surface,  as 
occurs  in  the  cuticular  structures  of  many  of  the  inferior  animals.  As  to  the  striation, 
it  might  no  doubt  be  produced  by  a  fine  columuar  or  fibrous  structure,  but  most 
observers  agree  witli  Kolliker  in  ascribing  it  to  fine  tubular  passages  perforating  the 
cell-wall ;  and  it  is  further  supposed  that  such  porous  structure  would  account  for  the 
assumption  of  fat-molecules  or  other  minutely  divided  matters  into  the  cell,  and  may 
be  subservient  to  an  absorptive  function  in  cells  so  constituted.  It  must  be  stated, 
however,  that  a  thickened  striated  border  has  been  since  observed  in  various  other 
epithelium  cells  which  are  not  so  obviously  connected  with  the  function  of  absorption, 
such  as  those  lining  the  biliary  and  urinary  passages,  and  the  parotid  and  pancreatic 
ducts. 

As  fat,  in  a  .state  of  minute  division,  is  undoubtedly  taken  into  the  epithelium  cells 
of  the  intestinal  villi  and  disappears  from  them  again,  it  was  natural  to  look  for  some 
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way  by  which  it  might  be  conveyed  from 
hitherto  the  search  has  not  been  successful. 

Fig.  XXVII. 


Fig.  XXVII. — Cells  op  Intestinal  Epi- 
THEHUM  OP  Rabbit,  treated  with 
water;  magnified  350  diameters. 

1  and  2  show  striated  or  porous  border, 
somewhat  swollen  by  imbibitioa ;  a,  b, 
pellucid  drops  of  mucus  which  have  escaped 
from  the  cells  (from  KoUiker). 


the  cells  into  the  lacteal  vessels;  but 
The  alleged  commuaicatiou  of  the  cells 
in  question  with  lacteal  vessels,  through 
the  intermedium  of  couneutive-tissue 
corpuscles,  rests  on  no  sufficient  evi- 
dence. It  is  true  that  processes,  like 
roots,  have  in  some  cases  been  observed 
running  down  from  columnar  cells  into 
the  subjacent  tissue,  and  in  the  epithe- 
lium of  the  olfactory  membrane  these 
i-adical  processes  are  long  and  ramified ; 
but  the  connection  of  these  prolongations 
with  connective-tissue  corpuscles  is  as 
yet  a  matter  of  presumption  only ; 
although  there  is  proof  of  such  con- 
nection in  the  case  of  some  ciliated 
epithelium  cells ;  and  it  is  material  to  ob- 
serve that  the  intestinal  epithelium, 
when  examined  fresh  and  without  the 


aid  of  condensing  reagents,  shows  no 
such  processes. 

The  particles  of  columnar  epithelium  are  undoubtedly  subject  to  shedding  and 
renovation ;  but  although  various  suppositions  have  been  hazarded  as  to  the  mode  in 
which  this  is  effected,  it  must  be  admitted  that  no  satisfactory  account  has  been  given 
of  the  process.  According  to  Bonders  and  Kijlliker,  the  columnar  cells  on  the  vilh 
appear  occasionally  to  cast  off  a  part  from  their  upper  end,  with  subsequent  repara- 
tion of  the  loss.  That  is,  a  cell  enlarges  and  a  second  nucleus  appears ;  the  upper  and 
broader  part,  with  one  nucleus  and  much  of  the  cell  contents,  separates,  and  the  lower 
remaining  portion,  with  its  nucleus,  grows  again  to  the  natural  size.  The  extiuded 
portion  is  supposed  to  become  a  mucus-corpuscle. 

Spheroidal  Epithelium. — In  this  variety,  the  cells  for  the  most  part  retain 
their  primitive  roundness,  or,  being  flattened  where  they  touch,  acquire  a 
polyhedral  figure,  in  which  no  one  dimension  remarkably  predominates. 
Hence  the  above  term  was  applied  to  this  form  of  epithelium  by  Mr. 
Bowman.  But  in  some  places  the  cells  show  a  tendency  to  lengthen  into 
columns  and  in  others  to  flatten  into  tables,  especially  when  this  epithelium 
approaches  the  confines  of  one  or  other  of  the  preceding  varieties  ;  in  such 
cases  it  has  been  named  transitional ;  moreover,  when  the  scaly  and  columnar 
varieties  border  upon  one  another,  the  figure  of  their  particles  is  gradually 

changed,  presenting  various  intermediate  forms ; 
in  other  words,  the  epithelium  there  puts  on  the 
transitional  character,  though  it  may  be  only 
for  a  very  small  space. 

The  spheroidal  epithelium  is  found  in  the 
excretory  ducts  of  the  mammary,  perspiratory, 
and  of  many  mucous  glands,  and  a  modification 
of  the  spheroidal  epithelium  lines  the  inmost 
secreting    cavities,    or   commenciug   ducts  of 
glands  generally  (fig.   xxviii.).    In  this  last- 
mentioned  situation,  where  it  is  sometimes  dis- 
tinguished by  the  name  of  glandular  epithelium^ 
the  nucleated  cells  contain  a  large  proportion  of 
fine  granular  matter  ;  in  some  cases  even,  the  peculiai'  ingredients  of  the 
secretion  may  be  recognised  in  them  ;  and  it  is  conceived,  that  they  have  a 
considerable  share  in  preparing  or  separating  these  matters  from  the  blood. 
Ciliated  Ei>ithdium. — In  this  form  of  epithelium,  the  particles,  which  ai-e 
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Fig.  XXVIII. — Cells  from 
THE  Liver  magnified  (Dr. 
Baly). 
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rreneially  colvi.uuar,  bear  at  tliok  free  extremities  little  hair-like  pro- 
cesses, whicli  are  agitated  iucossautly  duriug  life,  and  for  some  time  after 
death  with  a  lashiug  or  vibratiug  motion.  These  miuute  and  delicate 
moviu'c  opnms  are  named  cilia.  They  have  now  been  discovered  to 
exist  very  "extensively  throughout  the  animal  kingdom  ;  and  the  move- 
ments they  produce  are  subservient  to  very  vaiied  purposes  in  the  animal 

economy.  .  ,  •    xi    p  ni     •  i 

lu  the  human  body  the  ciliated  epithelium  occurs  m  the  foUowing  parts, 
viz  —1.    On  the  mucous  membrane  of  the  air  passages  and  its  pro- 
lonVations     It  commences  at  a  little  distance  within  the  nostrils,  covers 
the°membraue  of  the  nose  and  of  the  adjoining  bony  sinuses,  extends  up 
into  the  nasal  duct  and  lachrymal  sac.    From  the  nose  it  spreads  back- 
wards a  certain  way  on  the  upper  surface  of  the  soft  palate,  and  over  the 
upper  or  nasal  region  of  the  pharynx  ;  thence  along  the  Eustachian  tube 
and  lining  membrane  of  the  tympanum,  of  which  it  covers  the  greater  part. 
The  lower  part  of  the  pharynx  is  covered  by  scaly  epithelium  as  already 
mentioned  ;  but  the  ciliated  epithelium  begins  again  in  the  larynx  a  little 
above  the  glottis,  and  continues  throughout  the  trachea  and  the  bronchial 
tubes  in  the  lungs  to  their  smallest  ramifications.     2.  On  the  mucous  lining 
of  the  uterus,  commencmg  at  the  middle  of  the  cervix  and  extending  along 
the  Fallopian  tubes,  even  to  the  peritoneal  surface  of  the  latter  at  their 
fimbriated  extremities.     3.  Lining  the  vasa  efferentia,  coni  vascidosi,  and 
first  part  of  the  excretory  duct  of  the  testicle.     4.  To  a  large  extent  ou 
the  parietes  of  the  ventricles  of  the  brain,  and  throughout  the  central  canal 
of  the  spinal  cord. 

In  other  mammiferous  animals,  as  far  as  examined,  cilia  have  been  found 
in  nearly  the  same  parts.    To  see  them  in  motion  a  portion  of  ciliated 
mucous  membrane  may  be  taken  from  the  body  of  a  recently  killed  quad- 
ruped.   The  piece  of  membrane  is  to  be  folded  with  its  free  or  ciliated 
surface  outwards,  placed  on  a  slip  of  glass,  with  a  little  weak  salt  water  or 
serum  of  blood,  and  covered  with  a  bit  of  thin  glass  or  mica.     When  it  is 
now  viewed  with  a  magnifying  power  of  200  diameters,  or  upwards,  a  very 
obvious  agitation  will  be   perceived  on  the  edge  of  the  fold,  and  this 
appearance  is  caused  by  the  moving  cilia  with  which  the  surface  of  the 
membrane  is  covered.    Being  set  close  together,  and  moving  simultaneously 
or  in  quick  succession,  the  cilia,  when  in  brisk  action,  give  rise  to  the 
appearance  of  a  bright  transparent  fringe  along  the  fold  of  the  membrane, 
agitated  by  such  a  rapid  and  incessant  motion,  that  the  single  threads  which 
compose  it  cannot  be  perceived.    The  motion  here  meant,  is  that  of  the 
cUia  themselves  ;  but  they  also  set  in  motion  the  adjoining  fluid,  driving  it 
along  the  cUiated  surface,  as  is  indicated  by  the  agitation  of  any  little 
particles  that  may  accidentally  float  in  it.     The  fact  of  the  conveyance  of 
fluids  and  other  matters  along  the  ciliated  surface,  as  well  as  the  direction 
in  wliich  they  are  impelled,  may  also  be  made  manifest  by  immersing  the 
membrane  in  fluid,  and  dropping  on  it  some  finely  pulverised  substance 
(such  as  charcoal  in  fine  powder),  which  will  be  slowly  but  steadily  carried 
along  in  a  constant  and  determinate  direction  ;  and  this  may  be  seen  with 
the  naked  eye,  or  with  the  aid  of  a  lens  of  low  power. 

The  cihary  motion  of  the  human  mucous  membrane  is  beautifully  seen 
on  the  surface  of  recently  extracted  nasal  polypi  ;  and  single  ciliated  parti- 
cles, with  their  cilia  still  in  motion,  are  sometimes  separated  accidentally 
from  mucous  surfaces  in  the  living  body,  and  may  be  discovered  in  the  dis- 
charged mucus ;  or  they  may  even  be  purposely  detached  by  gentle  abrasion. 
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But  the  extent  and  limits  of  the  ciliated  epithelium  of  the  human  body  have 
been  determined  chiefly  from  its  anatomical  characters. 

Cilia  have  now  been  shown  to  exist  in  almost  every  class  of  animals, 
from  the  highest  to  tbe  lowest.  The  immediate  purpose  which  they  serve 
is,  to  impel  matter,  generally  more  or  less  fluid,  along  the  surfaces  on  which 
they  ai-e  attached  ;  or,  to  propel  through  a  liquid  medium  the  cihated 
bodies  of  minute  animals,  or  other  small  objects  on  the  surface  of  which 
cilia  are  present  ;  as  is  the  case  with  many  infusorial  animalcules,  in  which 
the  cilia  serve  as  organs  of  locomotion  like  the  fins  of  larger  aquatic  animals, 
and  as  happens,  too,  in  the  ova  of  many  vertebrate  as  well  as  invertebrate 
animals,  where  the  yelk  revolves  in  its  surrounding  fluid  by  the  aid  of  cilia 
on  its  surface.  In  many  of  the  lower  tribes  of  aquatic  animals,  the  cilia 
acquire  a  high  degree  of  importance  :  producing  the  flow  of  water  over  the 
surface  of  their  organs  of  respiration,  indispensable  to  the  exercise  of  that 
function  ;  enabling  the  animals  to  seize  their  prey,  or  to  swallow  their  food, 
and  performing  various  other  oflices  of  greater  or  less  impoi-tance  in  their 
economy.   In  man,  and  the  warm-blooded  animals,  their  use  is  apjjarently  to 

impel  secreted  fluids  or  other  matters  along  the 
ciliated  surface,  as,  for  example,  the  mucus  of 
the  windpipe  and  nasal  sinuses,  which  they 
carry  towards  the  outlet  of  these  cavities. 

The  cells  of  the  ciliated  epithelium  contain 
nuclei,  as  usual ;  they  have  most  generally  an 
elongated  or  prismatic  form  (fig.  xxix.),  like 
the  particles  of  the  colunmar  epithelium,  which 
they  resemble  too  in  arrangement  but  are 
often  of  greater  length  and  more  slender  and 
pointed  at  their  lower  end.  The  cilia  are 
attached  to  their  broad  or  superficial  end, 
each  columnar  particle  bearing  a  tuft  of  these 
minute  hair-like  processes.  In  some  cases,  the 
cells  are  spheroidal  in  figure,  the  cilia  being 
still,  of  course,  confined  to  that  portion  of  the 
cell  which  forms  part  of  the  general  surface  of 
the  epithelial  layer,  as  shown  in  fig.  xxx.,  which  represeuts  such  cells  from 
the  epithelium  of  the  frog's  mouth.    In  man  this  form  occurs  in  the  ciliated 

epithelium  of  the  cerebral  ventricles  and  tympa- 
num, where  the  cells  form  but  a  single  stratum. 
The  columnar  ciliated  epithelium  also  may  exist  as 
a  simple  layer,  as  in  the  uterus  and  Fallopian  tubes, 
the  finest  ramifications  of  the  bronchia,  and  the 
central  canal  of  the  spinal  cord  ;  but  in  various 
other  parts — as  the  nose,  pharynx.  Eustachian 
tube,  the  trachea  and  its  larger  divisions — there 
is  a  layer  of  elongated  cells  beneath  the  superficial 
ciliated  range,  filling  up  the  spaces  between  the 
pointed  extremities  of  the  latter,  and  beneath 
this  is  an  undermost  layer  formed  of  small 
rounded  cells  (fig.  xxxi.)-  Probably  the  sub- 
jacent cells  acquire  cilia,  and  take  the  place  of 
ciliated  cells  which  are  cast  off ;  but  the  mode  of 
renovation  of  ciliated  epithehum  is  not  yet  fully  understood. 
The  relation  of  the  ciliated,  as  well  as  other  epithelium  cells,  to  the  connective-tissue 


Fig.       XXIX.    —  COLITMNAU 

Ciliated  Epithelium  Cells 
FKOM  THE  Human  Nasal 
Membrane  ;  magnified  300 
diameters. 


Fig.  XXX. 


Fig.  XXX. — Spheroidal 
CiLiATUD  Cells  from 
THE  Mouth  op  the 
Frog  ;  magnified  300 
diameters. 


CILIATED  EPITHELlUJr. 


Ixi 


of  the  subjacent  raerabrane,  lias  much  engaged  attention  since  the  importam 
connective-tissue  corpuscles  lias 
come  to  be  recognised;  and  a 
strone;  impression  or  belief  pre- 
vails that  such  epithelium  cells 
are  structurally  connected  by- 
prolongations  from  their  lower 
ends  with  these  corpuscles,  and 
genetically  related  to  them. 
As  a  matter  of  observation 
such  anatomical  connection  is 
affirmed  on  excellent  authority 
(Lockhart  Clarke,  Gerlach  and 
others)  in  reference  to  the 
columnar  ciliated  epithelium  of 
the  central  canal  of  the  spinal 
cord  and  the  Sylvian  aqueduct, 

but  the  evidence  in  other  cases    ^.^    XXXI.— Ciliated   Epithelium    from  the 
is  not  so  satisfactory.  Human  Wind  pipe  ;  magnified  350  diameters. 

a,  b,  subjacent  membrane ;  c,  lowermost  or  round 
The  cilia  themselves  differ    cells  ;  cl,  middle  layer  of  oval  cells  ;  e,  superficial  or 
widely  in  size  in  different    ciliated  cells  (from  Kolliker). 
animals,  and  they  are  not 

equal  in  all  parts  of  the  same  animal.  In  the  human  windpipe  they 
measure  ^o\^ih  to  ^^-Vijth  of  an  inch  in  length  ;  but  in  many  invertebrate 
animals,  especially  such  as  live  in  salt  water,  they  are  a  great  deal  larger. 
In  figure  they  have  the  aspect  of  slender,  conical,  or  slightly  flattened  fila- 
ments ;  broader  at  the  base  and  usually  pointed  at  their  free  extremity. 
Their  substance  is  transparent,  soft,  and  flexible.  It  is  to  all  appearance 
homogeneous,  and  no  fibres,  granules,  or  other  indications  of  definite 
internal  structure,  have  been  satisfiictorily  demonstrated  in  it. 

Motion  of  the  cilia. — The  manner  in  which  the  ciUa  move,  is  best  seen 
when  they  are  not  acting  very  briskly.  Most  generally  they  seem  to  execute 
a  sort  of  fanning  or  lashing  movement  ;  and  when  a  number  of  them 
perform  this  motion  in  regular  succession,  as  is  generally  the  case,  they  give 
rise  to  the  appearance  of  a  series  of  waves  travelling  along  the  range  of 
cilia,  like  the  waves  caused  by  the  wind  in  a  field  of  corn.  When  they  are 
in  very  rapid  action  the  imdulation  is  less  obvious,  and,  as  Henle  remarks, 
their  motion  then  conveys  the  idea  of  swiftly  running  water.  The  undu- 
lating movement  may  be  beautifully  seen  on  the  gills  of  a  mussel,  and  on 
the  arms  of  many  polypes.  The  undulations,  with  some  exceptions,  seem 
always  to  travel  in  the  same  direction  on  the  same  parts.  The  impulsion, 
also,  which  the  cilia  communicate  to  the  fluids  or  other  matters  in  contact 
with  them,  maintains  a  constant  direction ;  unless  in  certain  of  the  infusoria, 
in  which  the  motion  is  often  variable  and  arbitrary  in  direction,  and  has 
even  been  supposed  to  be  voluntary.  Thus  in  the  windpipe  of  mammalia, 
the  mucus  is  conveyed  upwards  towards  the  larynx,  and  if  a  portion  of  the 
membrane  be  detached,  matters  will  still  be  conveyed  along  the  surface  of 
the  separated  fragment  in  the  same  direction  relatively  to  that  surface,  as 
before  its  separation. 

The  persistence  of  the  ciliary  motion  for  some  time  after  death,  and  the 
regularity  with  which  it  goes  on  in  parts  separated  from  the  rest  of  the  body, 
sufficiently  prove  that,  with  the  possible  exceptions  alluded  to,  it  is  not 
under  the  influence  of  the  will  of  the  animal  nor  dependent  for  its  produc- 
tion on  the  nervous  centres,  and  it  does  not  appear  to  be  influenced  in  any 
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way  by  stimulation  or  sudden  destruction  of  these  centres.  The  time  which 
It  continues  after  death  or  separation  differs  in  different  kinds  of  animals 
and  IS  also  materially  influenced  by  temperature  and  by  the  nature  of  the 
fluid  m  contact  with  the  surface.  In  warm-blooded  animals  the  period 
varies  from  two  or  three  hours  to  two  days,  or  even  more  ;  being  longer  in 
summer  than  m  the  cold  of  winter.  In  frogs  the  motion  may  continue  four 
or  hve  days  after  the  destruction  of  the  brain  ;  and  it  has  been  seen  in  the 
gullet  of  the  tortoise  fifteen  days  after  decapitation,  continuing  seven  days 
after  the  muscles  had  ceased  to  be  irritable. 

_  With  the  view  of  throwing  further  light  on  the  nature  of  this  remarkable 
kind  of  motion,  experiments  have  been  made  to  ascertain  the  effect  produced 
on  it  by  different  physical  chemical  and  medicinal  agents  ;  but,  so  far  as 
these  experiments  have  gone,  it  would  seem  that,  with  the  exception  of 
moderate  heat  and  cold,  alkaline  solutions,  chloroform  vapour,  and  perhaps 
some  other  narcotics,  these  agents  affect  the  action  of  the  cilia  only  in  so 
far  as  they  act  destructively  on  their  tissue. 

The  effect  of  change  of  temperature  is  different  in  warm  and  cold-blooded  animals. 
In  the  former  the  motion  is  stopped  by  a  cold  of  43°  P.,  whereas  in  the  frog  and  river 
mussel  it  goes  on  unimpaired  at  32°  P.  E.  H.  Weber  has  made  the  interesting 
observation  that  in  ciliated  epithelium  particles  detached  from  the  human  nasal 
membrane,  the  motion  which  has  become  languid  or  quiescent  from  the  cold,  may  be 
revived  by  warmth,  such  as  that  of  the  breath,  and  this  several  times  in  succession. 
A  moderately  elevated  temperature,  say  100°  F.,  does  not  affect  the  motion  in  cold- 
blooded animals ;  but,  of  course,  a  heat  considerably  higher  than  this,  and  such  as  to 
alter  the  tissue,  would  put  an  end  to  it  in  all  cases.  Electric  shocks,  unless  they 
cause  abrasion  of  the  ciliated  surface  (wliich  is  sometimes  the  case),  produce  no 
visible  effect;  and  the  same  is  true  of  galvanic  currents.  Fresh  water,  I  iind, 
arrests  the  motion  in  marine  mollusca  and  in  other  salt-water  animals  in  which  I 
have  tried  its  effect ;  but  it  evidently  acts  by  destroying  both  the  form  and  sub- 
stance of  the  cilia,  which  in  these  cases  are  adapted  to  a  different  medium.  Most  of 
the  common  acid  and  saline  solutions,  when  concentrated,  arrest  the  action  of  the 
cilia  instantaneously  in  all  animals  ;  but  dilution  delays  this  effect,  and  when  carried 
farther,  prevents  it  altogether ;  and  hence  it  is,  probably,  due  to  a  chemical  altera- 
tion of  the  tissue.  Virchow  has  observed  that  a  solution  of  either  potash  or  soda 
will  revive  the  movement  of  cilia  after  it  has  ceased.  Narcotic  substances,  such  as 
hydrocyanic  acid,  salts  of  morphia  and  strychnia,  opium  and  belladonna,  are  said  by 
Purkinje  and  Valentin  to  have  no  effect,  though  the  first-named  agent  has  certainly 
appeared  to  me  to  arrest  the  motion  in  the  river-mussel.  In  confirmation  of  an 
obi^ervation  of  Professor  Lister,*  I  find  that  exposure  for  a  few  moments  to  the 
vapour  of  chloroform  aiTcsts  ciliary  action,  and  that  the  motion  revives  again  if  the 
application  of  the  vapour  is  discontinued. 

Bile  stops  the  action  of  the  cilia,  while  blood  prolongs  it,  in  vertebrated  animals  ; 
but  the  blood  or  serum  of  the  vertebrata  has  quite  an  opposite  effect  on  the  cilia  of 
invertebrate  animals,  arresting  their  motion  almost  instantaneously. 

It  must  be  confessed  that  the  nature  and  source  of  the  power  by  which 
the  cilia  act  are  as  yet  unknown  ;  but  whatever  doubt  may  hang  over  this 
question,  it  is  plain  that  each  ciliated  cell  is  individually  endowed  with  the 
faculty  of  producing  motion,  and  that  it  possesses  in  itself  whatever  organic 
apparatus  and  whatever  physical  or  vital  property  may  be  necessary  for  that 
end  ;  for  single  epithelium  cells  are  seen  to  exhibit  the  phenomenon  long 
after  they  have  been  completely  insulated. 

Without  professing  to  offer  a  sati^factory  solution  of  a  question  beset  with  so  much 
difficulty,  it  seems,  nevertheless,  not  unreasonable  to  consider  the  ciliary  motion  as 


*  Phil.  Trans.  p.  690,  whore  will  be  iound  other  valuable  obserrations  ou  the 

effect  of  external  agents  on  ciliary  action. 
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being  probably  a  manifestation  of  that  properly  on  which  the  more  conspicuoiia 
motions  of  animals  are  known  to  depend,  namel)',  vital  contractility ;  and  this  view 
has  at  least  the  advantage  of  referring  the  phenomenon  to  the  operation  of  a  vital 
property  already  recognised  as  a  source  of  moving  power  in  the  animal  body.  But, 
assuming  this  view  to  be  sound,  so  far  as  regards  the  nature  of  the  motile  property 
brought  into  play,  it  affords  no  explanation  of  the  cause  by  which  the  contractility 
is  excited  and  the  cilia  maintained  in  constant  action. 

It  is  true  that  nothing  resembling  a  muscular  apparatus  in  the  ordinary  sense  of 
the  term,  has  been  shown  to  be  connected  with  the  cilia,  nor  is  it  necessary  to  sup- 
pose the  existence  of  any  such ;  for  it  must  be  remembered  that  while  the  organic 
substance  on  which  vital  contractility  depends  is  probably  uniformly  the  same  in 
composition,  it  does  not  everywhere  assume  the  same  form  and  texture.  The 
anatomical  characters  of  human  voluntary  muscle  differ  widely  from  those  of  most 
involuntary  muscular  structures,  and  still  more  from  the  contractile  tissues  of 
some  of  the  lowest  invertebrate  animals,  although  the  movements  must  in  all  these 
cases  be  referred  to  the  same  principle.  The  heart  of  the  embryo  beats  while  yet 
but  a  mass  of  cells,  united,  to  all  appearance,  by  amorphous  matter,  in  which  no 
fibres  are  seen ;  yet  no  one  would  doubt  that  its  motions  depend  then  on  the  same 
property  as  at  a  later  period,  when  its  structure  is  fully  developed. 

In  its  persistence  after  systemic  death  and  in  parts  separated  from  the  rest  of  the 
body,  the  ciliary  motion  agrees  with  the  motion  of  certain  muscular  organs,  as  the 
heart,  for  example  ;  and  the  agreement  extends  even  to  the  regular  or  rhythmic  cha- 
racter of  the  motion  in  these  circumstances.  It  is  true,  the  one  endures  much  longer 
than  the  other ;  but  the  difference  appears  to  be  one  only  of  degree,  for  differences 
of  the  same  kind  are  known  to  prevail  among  muscles  themselves.  No  one,  for  in- 
stance, doubts  that  the  auricle  of  the  heart  is  muscular,  because  it  beats  longer  after 
death  than  the  ventricle ;  nor,  becaiise  a  frog's  heart  continues  to  act  a  much  longer 
time  than  a  quadruped's,  is  it  inferred  that  its  motion  depends  on  a  power  of  a  dif- 
ferent nature.  And  the  view  here  taken  of  the  nature  of  the  ciliary  motion  derives 
strength  from  the  consideration  that  the  phenomenon  lasts  longest  in  cold-blooded 
animals,  in  which  vital  contractility  also  is  of  longest  endurance.  In  the  effects  of 
heat  and  cold,  as  far  as  observed,  there  is  also  an  agreement  between  the  movement 
of  cilia  and  that  of  muscular  parts ;  while,  on  the  other  hand,  it  must  be  allowed 
that  electricity  does  not  appear  to  excite  their  activity.  The  effects  of  narcotics 
afford  little  room  for  inference,  seeing  that  our  knowledge  of  their  local  action  on 
muscular  irritability  is  by  no  means  exact ;  but  in  one  instance,  at  least,  an  agent, 
chloroform  vapour,  which  stops  the  action  of  the  freshly  excised  heart  of  a  frog, 
arrests  also  the  ciliary  motion.  Something,  moreover,  may  depend  on  the  facility  or 
difficulty  with  which  the  tissues  permit  the  narcotic  fluid  to  penetrate,  which  circum- 
stance must  needs  affect  the  rapidity  and  extent  of  its  operation.  Again,  we  see 
differences  in  the  mode  in  which  the  cilia  themselves  are  affected  by  the  same  agent ; 
thus  fresh  water  instantly  arrests  their  motion  in  certain  cases,  while  it  has  no  such 
effect  in  others. 

The  discovery  of  vibrating  cilia  on  the  spores  and  other  parts  of  certain  crypto- 
gamic  vegetables  may  periiaps  be  deemed  a  strong  argument  on  the  opposite  side  ; 
but  it  is  by  no  means  proved  that  the  sensible  motions  of  plants  (such,  at  least,  as 
are  not  purely  physical),  and  those  of  animals,  do  not  depend  on  one  common  vital 
property. 


PIGMENT. 

The  cells  of  the  cuticle,  and  of  other  textures  which  more  or  less  resemble 
It  m  atructure,  sometimes  contain  a  black  or  brown  matter,  which  gives  a 
exImnW  ^^^^^  are  spread.     A  weU-marked 

coatTni  wl    r?  P^^'^^^^^"^.  t""^an  body  is  afforded  by  the  black 

wtrLT        Ytl        '^T^  ^en^brane  of  the  eye  and  covers  the  pos- 

anToZr  T  I     "  ^^'^  -^P^l^^^i^  of  the  Negro 

and  other  dark  races  of  mankind,  and  in  the  more  dusky  parts  of  the 
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onhi^lttl^reS;  ^^'•"^^        '^^y         -  -rtain  parts 

mvestirig  membrane  (pia  mater)  of  the  spinal  cord,  in  the  membranous 


labyrinth  of  the  ear,  and  (with  brownish  yell 
region  of  the  nose. 

The  pigment  cells  of  the  choroid  membrane 


ow  pigment)  on  the  olfactory 


Fig.  XXXII. 


Fig.  XXXII.  —  Piomknt-Cells  prom  the 
Choroid  ;  magnified  370  diameters 
(Henle). 

A,  cells  still  coberiiig,  seen  on  their 
surface  ;  a,  nucleus  indistinctly  seen. 
In  the  other  cells  the  nucleus  is  con- 
ceiiled  by  the  pigment  granules. 

B,  two  cells  seen  in  profile  ;  a,  the 
outer  or  posterior  part  containing  scarcely 
any  pigment. 


parrpolvheZl  fl  '  '''^'"'^  membrane  (fig.  xxxii.)  are  for  the  most 
Fike  the  nw  '    f    °^  generally  six-sided,  and  connected  together 

liice  the  pieces  of  a  mosaic  pavement  ;  others  are  spheroidal,  and  most  of 

those  on  the  back  of  the  iris  are  of 
tliat  shape.  The  cells  contain  the  pig- 
ment, strictly  so  called,  which  consLsts 
of  black  or  brown  granules  or  mole- 
cules of  a  round  or  oblong  shape,  and 
almost  too  small  for  exact  measure- 
ment. These  molecules  are  densely 
packed  together  in  some  cells  ;  in 
others  they  are  more  scattered,  and 
then  it  may  be  seen  that  there  is  a 
certain  amount  of  coloiuiess  matter  in- 
cluded along  with  them.  When  they 
escape  from  the  ruptured  cells,  they 
exhibit  very  strikingly  the  molecular 
movement  ;  and  in  consequence  of  this 
movement  the  apparent  figure  of  the 
particles  is  subject  to  change.  It  is 
worthy  of  remark,  that  when  viewed 
singly  with  a  very  high  magnifying 
power  they  look  transparent  and  almost 
colourless,  and  it  is  only  when  they  are  heaped  together  that  their  black- 
ness distinctly  appears.  The  cells  have  a  colourless  nucleus,  which  is  very 
generally  hidden  from  view  by  the  black  particles.  It  contains  a  central 
nucleolus. 

Examined  chemically,  the  black  matter  is  found  to  be  insoluble  in  cold 
and  hot  water,  alcohol,  ether,  fixed  and  volatile  oils,  acetic  and  diluted 
mineral  acids.  Its  colour  is  discharged  by  chlorine.  The  pigment  of  the 
bullock's  eye,  when  purified  by  boiling  in  alcohol  and  ether,  was  found  by 
Scherer  to  consist  of  58  672  carbon,  5'962  hydrogen,  13*768  nitrogen,  and 
21*598  oxygen  ;  its  proportion  of  carbon  is  thus  very  large.  Preceding 
chemists  had  obtained  from  its  ashes  oxide  of  iron,  chloride  of  sodium,  lime, 
and  phosphate  of  lime. 

The  dark  colour  of  the  Negro  is  known  to  have  its  seat  in  the  cuticle,  and 
chiefly  in  the  deeper  and  softer  part  named  the  rete  mucosum.  It  is 
caused  by  cells  containing  dark- brown  colouring  matter,  either  diffused 
through  their  substance  or  in  form  of  granules — usually  more  densely 
aggregated  round  the  nucleus.  These  cells  are  found  along  with  ordinary, 
colourless  cells,  which  in  other  respects  they  entirely  resemble  :  and  the 
depth  of  tint  depends  on  the  proportion  of  each.  It  is  affirmed,  on  good 
authority,  that  the  nuclei  of  these  epidermic  pigment-cells  are  coloured,  but 
of  this  I  have  not  been  able  to  satisfy  myself  in  examinations  of  the  Negro 
skin.  The  dark  parts  of  the  European  skin  owe  their  colour  and  its  dif- 
ferent shades  to  intermixture  in  the  cuticle  of  similar  cells  in  diflferent  pro- 
portions. Lastly,  it  cannot  be  doubted,  that  in  both  the  coloured  and  white 
races,  the  colouring  matter  of  the  skin  is  the  same  in  its  essential  nature 
as  that  of  the  choroid.    In  Albino  individuals,  both  Negro  and  European, 
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in  whom  the  black  matter  of  the  choroid  is  wanting,  the  cuticle  and  the 

hair  are  colourless  also.  .  .-u  • 

In  some  situations  the  pigment-ceUs  become  irregular  and  jagged  at  tneir 

ed'^es,  or  even  branch  out  into  long  ii'regular  processes.     Such  ramified 

cells  c^e  very  common  in  many  animals.     In  the  human  body  pigment-ceUs 

of  this  description  axe  found  in  the  dark  tissue 

on  the  outer  surface  of  the  choroid  coat,  lamina 

f  itsca  (fig.  XXXIII.,  a  a),  and  on  the  pia  mater 

covering  the  upper  part  of  the  spinal  cord.  The 

condition  of  the  pigment  in  the  hairs  will  be 

afterwai-ds  described. 

When  the  cuticle  of  the  Negro  is  removed  by 

means  of  a  blister,  it  is  renewed  again  of  its 

original  dark  hue  ;  but  if  the  skin  be  destroyed 

to  any  considerable  depth,  as  by  a  severe  burn, 

the  resulting  scar  remains  long  white,  though  it 

at  length  acquires  a  dark  colour. 


USes. — In  the  eye  the  black  matter  seems  obviously 
intended  to  absorb  redundant  light,  and  accordingly 
its  absence  in  Albinos  is  attended  with  a  difficulty  of 
bearing  a  light  of  considerable  brightness.  Its  uses  in 
other  situations  are  not  so  apparent.  The  pigment  of 
the  cuticle,  it  has  been  supposed,  may  screen  the  sub- 
jacent cutis  from  the  pungency  of  the  sun's  rays,  but 
in  many  annuals  the  pigment  is  not  only  employed  to 
variegate  the  surface  of  the  body,  but  attaches  itself 

in  the  frog  the  branches 


Fig.    XXXIII.— Eamipibd 
PiCMENT    Cells,  from 

THE  TISSUE  OP  THE  ChO- 

BoiD  Coat  of  the  Eye  ; 

MAUNIFIED     350  DIAME- 

TEBS  (after  Kolliker). 

a,  cells  with  pigment ;  b, 
colourless  fusiform  cells. 


to  deep-seated  parts.  Thus, 

and  twigs  of  the  blood-vessels  are  speckled  over  with 
it,  and  in  many  fish  it  imparts  a  black  colour  to  the  peritoneum  and  other  internal 
membranes. 


ADIPOSE  TISSUE. 

The  human  body  in  the  healthy  state  contains  a  considerable  amount  of 
fatty  matter  of  different  kinds.  Fat,  as  has  been  already  stated,  is  found 
in  the  blood  and  chyle,  and  in  the  lymph,  but  much  more  sparingly.  It 
exists,  too,  in  several  of  the  secretions,  in  some  constituting  the  chief  ingre- 
dient ;  and  in  one  or  other  of  its  modifications  it  enters  into  the  composition 
of  certain  solid  textures.  But  by  far  the  greater  part  of  the  fat  of  the  body 
is  inclosed  in  small  cells  or  vesicles,  which,  together  with  their  contained 
matter,  constitute  the  adipose  tissue. 

This  tissue  is  not  confined  to  any  one  region  or  organ,  but  exists  very 
generally  throughout  the  body,  accompanying  the  still  more  widely  distri- 
buted cellular  or  areolar  tissue  in  most  though  not  in  all  parts  in  which  the 
latter  is  found.  StiU  its  distribution  is  not  uniform,  and  there  are  certain 
situations  in  which  it  is  collected  more  abundantly.  It  forms  a  considerable 
layer  underneath  the  skin,  and,  together  with  the  subcutaneous  areolar 
tissue  in  which  it  is  lodged,  constitutes  in  this  situation  what  has  been 
called  the  panniculus  adiposus.  It  is  collected  in  large  quantity  round 
certain  internal  parts,  especially  the  kidneys.  It  is  seen  filling  up  the 
furrows  on  the  surface  of  the  heart,  and  imbedding  the  vessels  of  that  organ 
underneath  its  serous  covering  ;  and  in  various  other  situations  it  is  depo- 
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sited  beneath  tlie  serous  membranes,  or  is  collected  between  their  folds,  as  in 
the  mesentery  and  omentum,  at  first  generally  gathering  along  the  course  of 
the  blood-vessels,  and  at  length  accumulating  very  copiously.  Collections 
ot  tat  are  also  common  round  the  joints,  lying  on  the  outer  surface  of  the 
synovial  membrane,  and  filling  up  inequalities  ;  in  many  cases,  lodged,  like 
tue  tat  of  the  omentum,  in  folds  of  the  membrane,  which  project  into  the 
articular  cavity.  Lastly,  the  fat  exists  in  large  quantity  within  the  bones, 
where  it  forms  the  marrow.  On  the  other  hand  there  are  some  parts  in 
which  fat  is  never  found  in  the  healthy  condition  of  the  body.  Thus  it 
does  not  exist  in  the  subcutaneous  areolar  tissue  of  the  eyelids  and  penis, 
nor  in  the  lungs,  nor  within  the  cavity  of  the  cranium. 

When  subjected  to  the 
Fig.  XXXIV.  microscope,  the  adipose 

tissue  (fig.  XXXIV.)  is 
seen  to  consist  of  small 
vesicles,  filled  with  an 
oily  matter,  and  for  the 
most  part  lodged  in  the 
meshes  of  the  areolar 
tissue.  The  vesicles  are 
most  commonly  collected 
into  little  lobular  clus- 
ters, and  these  again 
into  the  little  lumps  of 
fat  which  we  see  with 
the  naked  eye,  and 
which  in  some  parts  are 
aggregated  into  round 
or  irregular   masses  of 

considerable  magnitude.  Sometimes  the  vesicles,  though  grouped  together, 
have  less  of  a  clustered  arrangement ;  as  when  they  collect  alongside  of  the 
minute  blood-vessels  of  thin  membranous  parts. 

In  well-nourished  bodies  the  vesicles  or  fat-cells  are  round  or  oval,  unless 
where  packed  closely  together,  in  which  case  they  acquire  an  angular  figure, 
and  bear  a  strikiag  resemblance  to  the  cells  of  vegetable  tissues.  The 
greater  number  of  them  are  from  -g-^oth  to  ■gjj^t'h  of  an  inch  in  diameter, 
but  many  exceed  or  fall  short  of  this  measurement.  Each  one  consists  of  a 
very  delicate  envelope,  inclosing  the  oily  matter,  which,  completely  filling 
the  envelope,  appears  as  a  single  drop.  The  envelope  is  generally  quite 
transparent,  and  apparently  homogeneous  in  structure.  In  ill-nourished 
bodies,  and  especially  in  those  presenting  serous  infiltration  of  the  tissues 
(as  in  dropsy),  different  forms  of  fat-cells  are  observed.  (1.)  Granular, 
yellowish- white  vesicles,  containing  numerous  small  fat  globules.  (2.) 
Yellow,  or  yellowish-red  cells,  filled  with  serum  and  globules  of  brownish- 
yellow  fat.  The  relative  proportion  of  the  serum  and  fat  varies  ;  but  in  all 
cases  of  this  description  KoUiker  states  that  he  has  discovered  a  nucleus  and 
nucleolus.  The  nucleus  may  be  seen  without  re-agents,  but  is  rendered 
more  apparent  by  acetic  acid.  The  vesicular  envelope  is  found  in  different 
conditions.  Sometimes  it  is  normal ;  but  it  has  been  seen  finer  and  also 
thicker  than  usual.  When  thickened  it  may  present  the  appearance  of 
either  a  single  or  a  double  contour.  (3.)  Fatless  cells,  with  normal  or 
thickened  walls.  (4.)  Fat-cells  containing  crystals  (probably  of  margaric 
acid),  either  yellow  or  white  in  colour.   At  first  sight  these  cells  appear  filled 


Fig.   XXXIV.— A  SMALL  CLUSTER  OP  FaT-CkLLS  ;  MAG 
NIFIED  150  DIAMETERS. 
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with  opaque  and  granular  contents,  but  upon  minute  examination  are  seen 
to  contain  stelliform  acicular  crystals,  though  in  some  cases  their  aspect  is 
very  faintly  granular.  It  is  not  improbable  that  the  crystals  are  formed  after 
death. 

Schwann  discovered  a  nucleus  in  the  fat-cells  of  the  embryo  ;  the  nucleus 
contains  one  or  two  nucleoli,  and  is  attached  to  the  inside  of  the  cell-wall 
or  imbedded  in  its  substance.  Although  nuclei  have  rarely  been  seen  in 
the  cells  of  well-nourished  adipose  tissue  in  after-life,  they  are  readily 
found  when  the  fat  has  partially  disappeared,  and  hence  it  may  be  inferred 
that  they  are  always  present.  This  is  corroborated  by  an  observation  of 
Bruch,  that  the  endosmose  of  water  always  renders  a  nucleus  apparent. 

The  common  fat  of  the  human  body  has  been  represented  as  a  mixture  of 
a  solid  fatty  substance  named  "  margarin,"  and  a  liquid  oily  substance, 
*'  olein  the  suet  or  fat  of  oxen  and  sheep,  on  the  other  hand,  consisting 
chiefly  of  a  second  solid  principle,  "stearin,"  associated  with  olein.  These 
substances,  margarin,  olein,  and  stearin,  are  neutral  bodies,  and  themselves 
compounded  of  a  base  named  "  glycerine  "  with  three  fatty  acids  respectively, 
the  margaric,  oleic,  and  stearic. 

To  the  above  reckoned  neutral  fats  of  the  animal  body  a  fourth,  namely, 
"palmitin,"  has  now  been  added  ;  and  they  are  all  considered  to  be  com- 
pounds of  three  equivalents  of  acid, — oleic,  margaric,  stearic,  or  palmitic, — 
with  one  equivalent  of  glycerine,  minus  six  equivalents  of  water.  They 
have  accordingly  been  named,  "triolein,"  "  trimargarin,"  "  tristearin,"  and 
"  tripalmitin."  The  triolein,  or  liquid  fat,  holds  the  other  three  in  solu- 
tion ;  and  the  varying  consistency  of  animal  fats  depends  on  the  relative 
proportion  of  the  solid  and  liquid  ingredients. 

During  life  the  oily  matter  contained  in  the  cells  is  liquid  ;  but  the 
acicular  crystalline  spots  which  are  sometimes  seen  after  death  indicate  a 
partial  solidification  of  one  of  its  constituents.  This  has  been  supposed  to 
be  the  margarin  ;  but  it  appears  from  its  chemical  relations  to  be  most 
probably  margaric  acid. 

The  fat  being  thus  contained  in  closed  cells,  it  will  be  readily  understood 
why,  though  liquid  or  nearly  so  in  the  living  body,  it  does  not  shift  its 
place  in.  obedience  to  pressure  or  gi'avitation,  as  happens  with  the  water  of 
dropsy  and  other  fluids  effused  into  the  interstices  of  the  areolar  tissue ; 
such  fluids,  being  unconfined,  of  course  readily  pass  from  one  place  to 
another  through  the  open  meshes. 

The  areolar  tissue  connects  and  surrounds  the  larger  lumps  of  fat,  but 
forms  no  special  envelope  to  the  smaller  clusters  ;  and  although  fine  fasci- 
culi and  filaments  of  that  tissue  pass  irregularly  over  and  through  the 
clusters,  yet  it  is  probable  that  the  vesicles  are  held  together  in  these 
groups  mainly  by  the  fine  network  of  capillary  vessels  distributed  to  them. 
In  the  marrow  the  connective  tissue  is  very  scanty  ;  indeed  the  fat- cells  in 
some  parts  of  the  bones  are  said  to  be  altogether  unaccompanied  by  connec- 
tive filaments. 

The  adipose  tissue  is  copiously  supplied  with  blood-vessels.  The  larger 
branches  of  these  pass  into  the  fat  lumps,  where  they  run  between  the 
lobules  and  subdivide,  till  at  length  a  little  artery  and  vein  are  sent  to  each 
.small  lobule,  dividing  into  a  network  of  capillary  vessels,  which  not  only 
surrounds  the  cluster  externally,  but  passes  through  between  the  vesicles  in 
all^  directions,  supporting  and  connecting  them.  The  lymphatics  of  the  fat, 
if  it  really  possess  any,  are  unknown.  Nor  have  nerves  been  seen  to  termi- 
nate in  it,  though  nerves  destined  for  other  textures  may  pass  through  it 
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Accordingly  it  has  been  observed  that,  unless  when  such  traversiug  nervous 
twigs  happen  to  bo  encountered,  a  puncturing  instrument  may  be  carried 
through  the  adipose  tissue  without  occasioning  pain. 

As  to  the  uses  of  the  fatty  tissue,  it  may  be  observed,  in  the  first  place,  that  it 
serves  the  merely  mechanical  purpose  of  a  light,  soft,  and  elastic  packing  material 
to  fill  vacuities  in  the  body.  Being  thus  deposited  between  and  around  different 
organs,  it  aflPbrds  them  support,  facilitates  motion,  and  protects  them  from  the  inju- 
rious effects  of  pressure.  In  this  way,  too,  it  gives  to  the  exterior  of  the  body  its 
smooth,  rounded  contour.  Further,  being  a  bad  conductor  of  heat,  the  subcutaneous 
fat  must  so  far  serve  as  a  means  of  retaining  the  warmth  of  the  body,  especially 
in  warm-blooded  creatures  exposed  to  great  external  cold,  as  the  whale  and  other 
cetaceous  animals,  in  which  it  forms  a  very  thick  stratum,  and  must  prove  a  much 
more  effectual  protection  than  a  covering  of  fur  in  a  watery  element. 

But  the  most  important  use  of  the  fat  is  in  the  process  of  nutrition.  Composed 
chiefly  of  carbon  and  hydrogen,  it  is  absorbed  into  the  blood  and  consumed  in  respira- 
tion, combining  with  oxygen  to  form  carbonic  acid  and  water,  and  thus  contributing 
•with  other  hydrocarbonous  matters  to  maintain  the  heat  of  the  body ;  and  it  is  sup- 
posed that  when  the  digestive  process  introduces  into  the  system  more  carbon  and 
hydrogen  than  is  required  for  immediate  consumption,  the  excess  of  those  elements 
is  stored  up  in  the  form  of  fat,  to  become  available  for  use  when  the  expenditure 
exceeds  the  immediate  supply.  According  to  this  view,  active  muscular  exercise, 
■which  increases  the  respiration,  tends  to  prevent  the  accumulation  of  fat  by  increasing 
the  consumption  of  the  hydrocarbonous  matter  introduced  into  the  body.  Again, 
■when  the  direct  supply  of  calorific  matter  for  respiration  is  diminished  or  cut  off  by 
withholding  food,  or  by  interruption  of  the  digestive  process,  nature  has  recourse  to 
that  which  has  been  reserved  in  the  form  of  fat ;  and  in  the  wasting  of  the  body 
caused  by  starvation,  the  fat  is  the  part  first  consumed. 

The  use  of  the  fat  in  nutrition  is  well  illustrated  by  what  occurs  in  the  hedgehog 
and  some  other  hybernating  animals.  In  these  the  function  of  alimentation  is  sus- 
pended during  their  winter  sleep,  and  though  their  respiration  is  reduced  to  the 
lowest  amount  compatible  with  life,  and  their  temperature  falls,  there  is  yet  a  con- 
siderable amount  of  hydrocarbonous  material  provided  in  the  shape  of  fat  before 
their  hybernation  commences,  to  be  slowly  consumed  during  that  period,  or  per- 
haps to  afford  an  immediate  supply  on  their  respiration  becoming  again  active  in 
spring. 

It  has  been  estimated  that  the  mean  quantity  of  fat  in  the  human  subject  is 
about  one-twentieth  of  the  weight  of  the  body,  but  from  what  has  been  said,  it  is 
plain  that  the  amount  must  be  subject  to  great  fluctuation.  The  proportion  is 
usually  largest  about  the  middle  period  of  life,  and  greatly  diminishes  in  old  age. 
High  feeding,  repose  of  mind  and  body,  and  much  sleep,  favour  the  production  of 
fat.  To  these  causes  must  be  added  individual  and  perhaps  hereditary  predisposi- 
tion. There  is  a  greater  tendency  to  fatness  in  females  than  males  ;  also,  it  is  said, 
in  eunuchs.  The  effect  of  castration  in  promoting  the  fattening  of  domestic  ani- 
mals is  well  known. 

In  infancy  and  childhood  the  fat  is  confined  chiefly  to  the  subcutaneous  tissue. 
In  after-life  it  is  more  equally  distributed  through  the  body,  and  in  proportionately 
greater  quantity  about  the  viscera.  In  Hottentot  females  fat  accumulates  over  the 
gluteal  muscles,  forming  a  considerable  prominence ;  and,  in  a  less  degree,  over  the 
deltoid.  A  tendency  to  local  accumulations  of  the  subcutaneous  fat  is  known  to 
exist  also  in  particular  races  of  quadrupeds. 

Development. — According  to  Valentin,  the  fat  first  appears  in  the  human 
embryo  about  the  fourteenth  week  of  intra-uterine  life.  At  this  period  fat 
is  deposited  in  cells  already  formed  in  the  tissues.  The  cells  first  seen  are 
for  the  most  part  insulated,  but  by  the  end  of  the  fifth  mouth  they  are  col- 
lected into  small  groups.  They  are  also  at  first  of  comparatively  small  size. 
As  already  stated,  the  foetal  fat-cells  contain  a  nucleus  in  their  early  con- 
dition which  is  afterwards  hidden  from  view. 
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It  has  been  a  question  wlictlier,  when  the  fat  undergoes  absorption,  the  vesicles  are 
themselves  consumed  along  with  their  contents.  Dr.  W.  Hunter  believed  that  they 
still  remained  after  being  emptied ;  he  was  led  to  this  opinion  by  observing  the  con- 
dition of  the  areolar  tissue  in  dropsical  bodies  from  which  the  fat  had  disappeared, 
there  being  in  such  cases  a  marked  dilTurence  in  aspect  between  the  parts  of  that 
tissue  which  had  originally  contained  fiit  and  those  which  had  not,  which  difference 
he  attributed  to  the  persistence  of  the  empty  fat  vesicles.  Gurlt  states  that  the  fat- 
cells  in  emaciated  animals  are  filled  with  serum,  and  this  statement  is  fully  confirmed 
by  the  observations  of  KoUiker,  Todd  and  Bowman,  myself,  and  others. 


CONNECTIVE  TISSUE. 

This  substance  consists  of  fibres  of  two  kinds,  more  or  less  amorphous 
matter,  and  peculiar  corpuscles.  By  means  of  its  fibres  it  serves  in  the 
animal  body  as  a  bond  of  connection  of  different  parts  ;  also  as  a  covering 
or  investment  to  different  organs,  not  only  protecting  them  outwardly,  but, 
in  many  cases  entering  into  their  structure  and  connecting  and  suppoiiing 
their  component  parts.  The  corpuscles,  on  the  other  hand,  are  destined  for 
other  than  mechanical  pmrposes  ;  they  appear  to  be  essentially  concerned  in 
the  nutrition  and  reparation  of  tissues. 

Three  principal  modifications  or  varieties  of  connective  tissue  have  long 
been  recognized,  consisting  of  the  same  structural  elements  but  in  widely 
different  proportions,  and  thereby  exhibiting  a  difference  in  their  grosser  or 
more  obvious  characters  and  physical  properties.  They  are  known  as  the 
areolar,  the  fibrous,  and  the  elastic  tissues,  and  will  be  now  severally  treated 
of.  Without  disregarding  the  alliance  of  cartilage  and  bone  to  the  connec- 
tive tissues,  we  shall  not,  in  imitation  of  some  respected  authorities,  include 
them  in  the  same  group  ;  but  there  remain  certain  forms  of  tissue,  occurring 
locally,  or  met  with  as  constituents  of  other  textures,  which  properly  belong 
to  this  head,  and  will  be  briefly  considered  in  a  separate  section  as  sub- 
ordinate varieties  of  connective  tissue. 


Cartilage  and  bone  are  included  in  the  group  of  connective  tissues  or  connective 
substances  by  several  eminent  German  histologists,  and  present  undoubted  points 
of  relationship  with  these  tissues,  both  in  their  nature  and  the  general  purpose 
which  they  serve  in  the  animal  frame.  Thus,  yellow  cartilage  shows  an  unmistakable 
transition  to  elastic  connective  tissue,  as  fibre- cartilage  does,  even  more  decidedly,  to 
white  fibrous  tissue.  Moreover,  the  animal  basis  of  bone  agrees  entirely  in  chemical 
composition,  and  in  many  points  of  structure,  with  the  last  named  tissue.  Still, 
when  it  is  considered  that  cartilage,  in  its  typical  form,  consists  of  a  quite  different 
chemical  substance,  chondrin,  and  that  bone  is  characterized  by  an  impregnation  of 
earthy  salts,  it  seems  more  consistent  with  the  purpose  of  histoiogical  description  to 
recognise  cartilage  and  bone  as  independent  tissues.  As  to  their  community  of 
origin,  little  stress  need  be  laid  on  it  as  a  basis  of  classification,  seeing  that  the  origin 
of  blood-vessels,  nerves  and  muscles,  may  be  traced  up  to  protoplasm-cells,  to  all 
appearance  similar  to  those  that  give  rise  to  the  connective  tissues,  and  belonging 
to  the  same  embryonic  layer. 

THE  AKEOLAU  TISStTE. 

If  we  make  a  cut  through  the  skin  and  proceed  to  raise  it  from  the  sub- 
jacent parts,  we  observe  that  it  is  loosely  connected  to  them  by  a  soft 
filamentous  substance,  of  considerable  tenacity  and  elasticity,  and  having, 
when  free  from  fat,  a  white  fleecy  aspect ;  this  is  the  substance  known  by 
the  names  of  "cellular,"  "areolar,"  "filamentous,"  "connective,"  and 
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"reticular'^'  tissue;  it  used  formerly  to  be  commonly  called  "cellular 
membrane. »  In  like  manner  the  areolar  tissue  is  found  underneath  the 
serous  and  mucous  membranes  which  are  spread  over  various  internal  sur- 
faces, and  serves  to  attach  those  membranes  to  the  parts  which  they  line  or 
invest  ;  and  as  under  the  skin  it  is  named  "  subcutaneous,"  so  in  the  last- 
montioued  situations  it  is  called  "subserous"  and  "submucous"  areolar 
tissue.  But  on  proceeding  further  we  find  this  substance  lying  between  the 
muscles,  the  blood-vessels,  and  other  deep-seated  parts,  occupying,  in  short, 
the  intervals  between  the  different  organs  of  the  body  where  they  are  not 
otherwise  insulated,  and  thence  named  "intermediate;"  very  generally, 
also,  it  becomes  more  consistent  and  membranous  immediately  around  these 
organs,  and,  under  the  name  of  the  "  investing  "  areolar  tissue,  afi'ords  each 
of  them  a  special  sheath.  It  thus  forms  inclosing  sheaths  for  the  muscles, 
the  nerves,  the  blood-vessels,  and  other  parts.  Whilst  the  areolar  tissue 
might  thus  be  said  in  some  sense  both  to  connect  and  to  insulate  entire 
orgaus,  it  also  performs  the  same  office  in  regard  to  the  finer  parts  of  which 
these  organs  are  made  up  ;  for  this  end  it  enters  between  the  fibres  of  the 
muscles,  uniting  them  into  bundles  ;  it  connects  the  several  membranous 
layers  of  the  hollow  viscera,  and  binds  together  the  lobes  and  lobules  of 
many  compound  glands ;  it  also  accompanies  the  vessels  and  nerves  within 
these  organs,  following  their  branches  nearly  to  their  finest  divisions,  and 
affording  them  support  and  protection.  This  portion  of  the  areolar  tissue 
has  been  named  the  "penetrating,"  "  constituent,"  or  "parenchymal." 

It  thus  appears  that  the  areolar  is  one  of  the  most  general  and  most 
extensively  distributed  of  the  tissues.  It  is,  moreover,  continuous  through- 
out the  body,  and  from  one  region  it  may  be  traced  without  interruption 
into  any  other,  however  distant  ;  a  fact  not  without  interest  in  practical 
medicine,  seeing  that  in  this  way  dropsical  waters,  air,  blood,  and  urine, 
effused  into  the  areolar  tissue,  and  even  the  matter  of  suppuration,  when  not 
confined  in  an  abscess,  may  spread  far  from  the  spot  where  they  were  first 
introduced  or  deposited. 

On  stretching  out  a  portion  of  areolar  tissue  by  drawing  gently  asunder 
the  parts  between  which  it  lies,  it  presents  an  appearance  to  the  naked  eye 
of  a  multitude  of  fine  soft  elastic  threads,  quite  transparent  and  colourless, 
like  spun  glass  ;  these  are  intermixed  with  fine  transparent  films,  or 
delicate  membranous  laminte,  and  both  threads  and  laminae  cross  one 
another  irregularly  and  in  all  imaginable  directions,  leaving  open  interstices 
or  areolae  between  them.  These  meshes  are,  of  course,  more  apparent  when 
the  tissue  is  thus  stretched  out  ;  it  is  plain  also  that  they  are  not  closed 
cells,  as  the  term  "cellular  tissue"  might  seem  to  imply,  but  merely  inter- 
spaces which  open  freely  into  one  another  :  many  of  them  are  occupied  by 
the  fat,  which,  however,  as  already  explained,  does  not  lie  loose  in  the 
areolar  spaces,  but  is  enclosed  in  its  own  vesicles.  A  small  quantity  of 
colourless  transparent  fluid  is  also  present  in  the  areolar  tissue,  but,  in 
health,  not  more  than  is  sufficient  to  moisten  it.  This  fluid  is  generally 
said  to  be  of  the  nature  of  serum  ;  but  it  is  not  improbable  that,  unless 
when  unduly  increased  in  quantity  or  altered  in  nature  by  disease,  it  may 
resemble  more  the  liquor  sanguinis,  as  is  the  case  with  the  fluid  of  most  of 
the  serous  membranes. 

On  comparing  the  areolar  tissue  of  different  parts,  it  is  observed  in  some 
to  be  more  loose  and  open  in  texture,  in  others  more  dense  and  close, 
according  as  free  movement  or  firm  connection  between  parts  is  to  be  pro- 
vided for.    In  some  situations,  too,  the  laminae  are  more  numerous  ;  in 
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others  the  filameutous  structure  predominates,  or  even  prevails  exclusively  ; 
but  it  does  not  seem  necessary  to  designate  tliese  varieties  by  particular 
names,  as  is  sometimes  done. 

When  examined  under  the  microscope,  the  areolar  tissue  is  seen  to  be 
principally  made  up  of  exceedingly  fine,  transparent,  and  apparently  homo- 
geneous filaments,  from  about  -s-o-g-ijjth  to  -^si  us^^  ^^  i'lch  in  thickness, 
or  even  less  (fig.  xxxv.).  These  are  seldom  single,  being  mostly  united  by 
means  of  a  small  and  usually  imperceptible  quantity  of  a  homogeneous  con- 
necting substance  into  bundles  and  filamentous  laminae  of  various  sizes,  which 
to  the  naked  eye,  appear  as  simple  threads  and  films.  Though  the  bundles 
may  intei-sect  in  every  dirention,  the  filaments  of  the  same  bundle  run  nearly 
parallel  to  each  other,  and  no  one  filament  is  ever  seen  to  divide  into 
branches  or  to  unite  with  another.  The  associated  filaments  take  an  alter- 
nate bending  or  waving  course  as  they  proceed  along  the  bundle,  but  still 
maintain  tlieir  general  parallelism.  This  wavy  asj^ect,  which  is  very  charac- 
teristic of  these  filaments,  disappears  on  stretching  the  bundle,  but  returns 
again  when  it  is  relaxed. 

The  filaments  just  described,  though  transparent  when  seen  with  trans- 
mitted light  under  the  microscope,  have  a  white  colour  when  collected  in 
considerable  quantity  and  seen  with  reflected  light  ;  and  they  not  only  occur 
in  the  areolar  tissue  strictly  so  called,  but  form  the  chief  part  of  the  tendons 
hgaments,  and  other  white  fibrous  connective  tissues.  They  were  long  sup- 
posed to  be  the  only  fibrous  constituent  existing  in  the  areolar  tissue,  but  it 
has  been  shown  (and  chiefly  through  the  inquiries  of  Eulenberg,  Henle  and 
Bowman)  that  fibres  of 

another  kind  are  inter-  Fig.  XXXV". 

mixed  with  them ;  these 
agree  in  all  characters 
and  are  obviously  iden- 
tical with  the  fibres  of 
the  yellow  elastic  tis- 
sue, and  have  accord- 
ingly been  named  the 
yellow  or  elastic  fibres, 
to  distinguish  them  from 
the  white  or  waved 
filaments  above  descri- 
bed. They  were  at 
onetime  termed  nuclear 
fibres  (Kernfasern),  on 
account  of  their  sup- 
posed origin  from  nu- 
clei ;  but  as  it  now 
appears  that  they  have 
no  connection  either 
with  nuclei  or  cells, 
the  latter  appellation 
must  be  abandoned. 
Moreover,  they  differ 
in  chemical  nature  from 
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g.  XXXV.— Filaments  of  Areolar  Tissu 

ANU  3.VALLBK  BUNDLES,   AS  SEEN  UNDER 
tOWER  OF  400  DIAMETERS. 


E,  IN  LARGER 
A  MAGNIFYING 


Two  or  three  corpuscles  are  represeated  among  them. 


solutions  of  tt^ih  "  T")       ^^'^  ''''''        ^""^"^  °f  boiling  alkaline 
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In  certain  portions  of  the  areolar  tissue,  as  for  instance  in  that  which  lies 
under  the  serous  and  mucous  membranes  of  particular  regions,  the  yellow  or 
elastic  fibres  are  abundant  and  large,  so  that  they  cannot  well  be  overlooked ; 
but  in  other  parts  they  are  few  in  number,  and  small,  and  are  then  in  a 

great  measure   hidden  by 
Fig.  XXXVI.  the   white    filaments ;  in 

such  cases,  however,  they 
can  always  be  rendered  con- 
spicuous under  the  micro- 
scope by  means  of  acetic 
acid,  which  causes  the  white 
filaments  to  swell  up  and 
become  indistinct,  whilst 
the  elastic  fibres,  not  being 
affected  by  that  reagent, 
come  then  more  clearly  into 
view  (fig.  XXXVI.).  Under 
the  microscope  the  elastic 
fibres  appeartransparentand 
colourless,  with  a  strong, 
well-defined,  dark  outlme. 
Thej  are,  moreover,  remark- 
able for  their  tendency  to 
curl  up,  especially  at  their 
broken  ends,  which  gives 
them  a  very  peculiar  aspect, 
and  in  many  parts  of  the 
areolar  tissue  they  divide 
into  branches  and  join  or 
anastomose  with  one  another,  in  the  same  manner  as  in  the  pure  elastic 
tissue  (a).  They  differ  among  themselves  very  wid,ely  in  size,  some  being 
as  fine  as  the  white  filaments,  others  many  times  larger. 

In  the  immature  areolar  tissue  of  the  foetus  there  is  a  considerable  amount 
of  soft,  jelly-like  matter,  of  muco- albuminous  nature,  in  the  interstices  of 
the  formed  elements.  This  amorphous  substance  is  for  the  most  part  incon- 
spicuous in  the  perfected  tissue,  but  exists  abundantly  in  the  umbilical  cord , 
where  it  forms  the  well-known  Whartonian  jelly  ;  it  may  also  be  seen,  at  all 
periods,  but  in  smaller  quantity,  in  the  areolar  tissue  within  the  vertebral 
canal. 

A  very  different  view  of  the  structure  of  areolar  tissue  from  that  here 
stated  was  taken  by  Reichert,  and  adopted  by  Virchow,  Bonders,  and  other 
distinguished  histologists.  According  to  this  view  the  apparent  bundles 
consist  of  a  substance  in  reality  amorphous  or  homogeneous,  and  its  seeming 
fibrillation  is  partly  artificial,  the  result  of  cleavage,  and  partly  an  optical 
illusion,  arising  from  creasing  or  folding.  In  point  of  fact,  however,  the 
bundles  readily  separate  into  fibrils  after  exposure  to  dilute  solutions  of 
chromic  acid,  or  to  lime-water,  or  to  baryta-water,  by  which  the  uniting 
matter  is  dissolved  ;  so  that  there  can  be  no  doubt  of  their  truly  fibrillar 
structure.  At  the  same  time  it  is  not  denied  that  immature  fasciculi  may 
probably  occur,  in  Avhich  the  fibrillation  is  incomplete.  Moreover,  a  homo- 
geneous substance,  not  to  be  confounded  with  the  soft,  jelly-like  matter 
previously  noticed,  but  of  firm  consistence  and  agreeing  in  chemical  nature 
with  the  fibrils,  envelopes  the  fasciculi  in  some  situations  in  form  of  a  fine 


Fig.  XXXVI. — Maqnipied  View  op  Areolar  Tisstje 
(prom  different  parts)  treated  with  Acetic 
AoiD. 

The  white  filaments  are  no  longer  seen,  and  tbe 
yellow  or  elastic  fibres  with  tbe  nuclei  come  into  view. 
At  c,  elastic  fibres  wind  round  a  bmidle  of  white  fibres, 
which  by  the  efi'ect  of  the  acid  is  swollen  out  between 
the  turns. 
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sheath  (Kolliker)  ;  and  it  will  bo  after flrards  noticed  as  constituting  a  special 
form  or  variety  of  connective  tissue  occurring  elsewhere. 

The  elastic  fibres  lie,  for  the  most  part,  without  order,  among  the  bundles  of  white 
filaments;  but  here  and  there  wc  see  an  elastic  fibre  winding  round  one  of  these 
bundles  and  encircling  it  witli  several  spiral  turns.  When  acetic  acid  is  applied,  the 
fasciculus  swells  out  between  the  constricting  turns  of  the  winding  fibre,  and  presents 
a  Iiighly  cliaracteristic  appearance  (c).  This  remarkable  disposition  of  the  elastic 
fibres,  which  was  pointed  out  by  Henle,  is  not  uncommon  in  certain  parts  of  the 
areolar  tissue ;  it  may  be  always  seen  in  that  which  accompanies  the  arteries  at  the 
base  of  the  brain.  It  must  be  observed,  however,  that  the  encircling  fibre  sometimes 
forms  not  a  continuous  spiral,  but  several  separate  rings ;  moreover,  the  whole 
appearance  is  explained  by  some  histologists  on  the  supposition  that  the  bundles  in 
question  are  naturally  invested  with  a  delicate  sheath,  wliich,  like  the  elastic  tissue, 
resists  acetic  acid,  but,  on  the  swelling  up  of  tlie  bundle  under  the  operation  of  that 
agent,  is  rent  into  shreds  or  segments,  mostly  annular  or  spiral,  which  cause  the  con- 
strictions. Kolliker,  who  admits  that  some  fasciculi  have  a  sheath,  yet  supposes  that 
in  these,  as  well  as  in  naked  bundles,  the  encircling  fibres  are  produced  by  prolonga- 
tions from  the  corpuscles  (to  be  immediately  noticed),  uniting  in  form  of  a  thread,  or 
of  a  network  wrapped  round  the  bundle. 

Bodies,  mostly  with  nuclei,  and  of  the  nature  of  cells,  although  not 
shown  to  possess  a  distinct  cell-wall,  are  found  in  the  areolar  tissue.  These 
are  the  connective-tissue  corpv,scles.  Some  lie  in  the  meshes  of  the  tissue, 
others  are  included  within  the  fasciculi.  The  former  are  of  no  very  regular 
shape,  rounded  or  oval  (as  in  fig.  xxxiv.),  or,  as  described  in  the  frog  by 
Klihne,  having  a  stellate  or  jagged  outline  with  processes  or  offsets  of 
unequal  size  and  length,  here  and  there  connected  with  processes  from 
neighbouring^corpuscles  : — in  short,  misshapen  little  masses  of  protoplasm, 
but  containing  usually  a  well-formed  oval  nucleus  and  conspicuous  nucleolus. 
Those  within  the  fasciculi  are  fusiform,  with  pointed  ends,  and  lie  length- 
wise in  the  direction  of  the  fasciculus  (as  shown,  though  imperfectly, 
in  fig.  XXXVI.  c). 

These  bodies  were  imagined  to  be  hollow,  and  by  the  intercommunication  of  their 
supposed  tubular  offsets,  it  was  conceived  that  they  formed  a  system  of  reticulating 
canals  destined  to  distribute  nutritive  fluid  to  the  connective  tissue  and  other  parts 
into  which  that  tissue  enters.  But,  though  soft,  they  are  evidently  solid  objects,  and 
though  they  probably  effect  some  chemical  change,  or  exert  some  other  influence  on 
the  interstitial  nutritive  plasma,  or  in  some  other  way  minister  to  nutrition,  it  is 
clearly  not  as  a  system  of  channels  for  the  conveyance  of  fluid.  In  the  frog  they 
exhibit  slow  but  distinct  movements  and  changes  of  shape,  like  the  pale  blood-cor- 
puscles; and  they  may  be  regarded  as  cells  retaining  their  primitive  protoplasmic 
condition,  and  subservient  not  only  to  the  nutrition,  but  to  the  extension  and  repair 
of  tissues.  There  can  be  little  doubt,  moreover,  that  they  are  largely  concerned  in 
pathological  and  degenerative,  as  well  as  in  reparative  processes. 

The  areolar  tissue  contains  a  considerable  quantity  of  water,  and  conse- 
quently loses  much  of  its  weight  by  drying.  It  is  almost  wholly  resolved 
into  gelatine  by  boiling  in  water.  Acetic  acid  causes  it,  that  is,  the  bundles 
of  white  fibrils,  to  swell  up  into  a  soft,  transparent,  jelly-like  mass. 

Numerous  blood-vessels  are  seen  in  the  areolar  tissue  after  a  minute 
injection.  These  for  the  most  part  only  pass  through  it  on  their  way  to 
other  more  vascular  textures,  but  a  few  aoem  to  end  in  capillaries  destined 
for  the  tissue  itself,  and  dense  clusters  of  vessels  are  distributed  to  the  fat 
lobules.  Large  lymphatic  vessels  proceeding  to  distant  parts  also  pass  along 
this  texture,  and  abundant  lymphatic  networks  may  be  discovered  in  many 
parts  of  the  subcutaneous,  subserous,  and  submucous  areolar  tissue,  having 
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evideut  relation  to  the  function  of  the  membranes  under  which  they  lie 
Absorption  readily  takes  place  from  the  interstices  of  the  texture,  but  that 
process  may  be  effected  through  the  agency  of  blood-vessels  as  well  as  of 
lymphatics. 

Larger  and  smaller  branches  of  nerves  also  traverse  this  tissue  on  their 
way  to  other  parts  ;  but  it  has  not  been  shown  that  any  remain  in  it,  and 
accordingly  it  may  be  cut  in  a  living  animal  apparently  without  giving  pain, 
except  when  the  instrument  meets  with  any  of  these  traversing  branches. 
It  is  not  improbable,  however,  that  nerves  end  in  those  parts  of°the  areolar 
tissue  which,  like  that  of  the  scrotum,  contain  contractile  fibres  ;  but  if 
present  in  such  cases,  the  nerves,  like  the  vessels  of  the  fat,  are,  after  all, 
destined  not  to  the  areolar  tissue  but  to  another  mixed  with  it. 

The  physical  properties  of  this  texture  have  been  sufficiently  indicated  in 
the  foregoing  description  ;  also  its  want  of  sensibility.  The  vital  contrac- 
tility ascribed  to  certain  portions  of  it  is  most  probably  due  to  the  presence 
of  muscular  tissue. 

With  the  exception  of  the  epithelium,  no  tissue  is  so  readily  regenerated 
as  the  areolar.  It  is  formed  in  the  healing  of  wounds  and  in  the  adhesion 
of  inflamed  surfaces.    It  is  produced  also  in  many  morbid  growths. 

FIBROTJS  TISSXJE. 

This  substance  is  one  of  those  which  are  serviceable  in  the  body  chiefly  on 
account  of  their  mechanical  properties,  being  employed  to  connect  together 
or  to  support  and  protect  other  parts.  It  is  met  with  in  the  form  of  liga- 
ments, connecting  the  bones  together  at  the  joints  ;  it  forms  the  tendons  of 
muscles,  into  which  their  fleshy  fibres  are  inserted,  and  which  serve  to  attach 
these  fibres  to  the  bones.  In  its  investing  and  protecting**  character  it 
assumes  the  membranous  form,  and  constitutes  a  class  of  membranes  termed 
"fibrous."  Examples  of  these  are  seen  in  the  periosteum  and  perichon- 
drium which  cover  the  bones  and  cartilages,  in  the  dura  mater  which  lines 
the  skull  and  protects  the  brain,  and  the  fibrous  layer  which  strengthens 
the  pericardium,  also  in  the  albugineous  coat  of  the  testicle,  and  the 
sclerotic  coat  of  the  eye,  which  inclose  the  tender  internal  pai-ts  of  these 
organs.  Fibrous  membranes,  named  "aponeuroses"  or  "  fascise,"  are  also 
employed  to  envelope  and  bind  down  the  muscles  of  difl"erent  regions,  of 
which  the  great  fascia  inclosing  the  muscles  of  the  thigh  and  leg  is  a  well- 
known  example.  The  tendons  of  muscles,  too,  may  assume  the  expanded 
form  of  aponeuroses,  as  those  of  the  broad  muscles  of  the  abdomen,  which 
form  strong  fibrous  layers  in  the  walls  of  that  cavity  and  add  to  their 
strength.  It  thus  appears  that  the  fibrous  tissue  presents  itself  under  two 
principal  forms,  the  fasicidar  and  the  memhrantous. 

Physical  Properiics. — The  fibrous  tissue  is  white  or  yellowish  white,  with 
a  shining,  silvery,  or  nacreous  aspect.  It  is  exceedingly  strong  and  tough, 
yet  perfectly  pliant  ;  but  it  is  almost  devoid  of  extensibility.  By  these 
qualities  it  is  admirably  suited  to  the  purposes  to  which  it  is  applied  in  the 
animal  frame.  By  its  inextensible  character  it  maintains  in  apposition  the 
parts  which  it  connects  against  any  severing  force  short  of  that  sufficient  to 
cause  actual  rupture,  and  this  is  resisted  by  its  great  strength,  whilst  its 
flexibility  permits  of  easy  motion.  Accordingly  the  ligaments  and  tendons 
do  not  sensibly  yield  to  extension  in  the  strongest  muscular  eflbrts  ;  and 
thou"-h  they  sometimes  snap  asunder,  it  is  well-known  that  bones  will  break 
more°readily  than  tendons  of  equal  thickness.  The  fibrous  membranes  are 
proportionaUy  strong  and  alike  inextensible  ;  they  will  gradually  yield,  it  is 
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true,  wlieu  the  extending  force  acts  slowly  and  for  a  loug  time,  as  when 
tumours  or  fluids  slowly  gather  beneath  thorn  ;  but  perhaps  this  gi-adual 
exteusion  is  accompanied  with  some  nutritive  change  aflectiug  the  properties 

of  the  tissue.  .  . 

Slrudare.— The  fibrous  tissue  is  made  up  of  fine  filaments,  agreeing  m  all 
respects  with  the  white  filaments  of  the  areolar  tissue  already  described. 
Like  these  they  are  collected  into  bundles,  in  which  they  run  parallel  and 
exhibit  the  same  wavy  character,  cohering  very  intimately.  The  bundles 
appeiir  to  the  naked  eye  as  fine  shining  threads  or  narrow  flattened  bands, 
for  they  vary  greatly  in  thickness.  Thoy  either  run  all  in  one  direction  as 
in  long  tendons,  or  intersect  each  other  in  difiereut  planes  as  m  some 
aponeuroses,  or  they  take  various  directions  and  decussate  irregularly  with 
each  other  as  in  the  dura  mater.  And  when  they  run  parallel  to  each  other, 
as  in  tendon,  they  do  not  keep  separate  throughout  their  length,  but  send 
ofl"  slips  to  join  neighbouring  bundles  and  receive  the  like  in  turn  ;  so  that 
successive  cross  sections  of  a  tendon  or  ligament  present  difl"erent  figures 
of  the  sectional  areas  of  the  bundles.  A  sheath  of  dense  areolar  tissue 
covers  the  tendons  and  ligaments  on  the  outside,  and  a  variable  amount  of 
the  same  tissue  lies  between  the  larger  fasciculi  ;  little  in  tendons,  more  in 
some  fibrous  membranes. 

The  filaments  swell  up  and  become  indistinct  when  acted  on  by  acetic 
acid,  like  those  of  areolar  tissue,  and  here  also  the  acid  discloses  the  exis- 
tence of  corpuscles  and  of  elastic  fibres,  intermixed  in  small  proportion  with 
the  rest  of  the  tissue.  The  elastic  fibres  are  fine  and  generally  branched 
and  connected  together.  The  corpuscles,  which  have  no  real  connection 
with  the  elastic  fibres,  are  for  the  most  part  lodged  where  the  angles  of  the 
fasciculi  (which  are  usually  prismatic  in  form)  meet.  They  are  fusiform  or 
lanceolate  in  figure,  pointed  at  the  ends,  and  lie  lengthwise  among  the 
bundles.  In  cross  sections  there  is  an  appearance  of  radiating  pointed  pro- 
cesses, diverging  from  the  spots  where  the  corpuscles  are  situated,  and  these 
have  been  taken  for  branches  or  offsets  extending  laterally  from  these  bodies; 
but  it  seems  to  be  satisfactorily  shown  that  the  apparent  branches  are 
merely  the  crevices  between  the  fasciculi,  diverging  from  the  point  where  their 
angles  meet.  But  although  these  fissures  do  not  contain  branches  radiating 
from  the  corpuscles,  flat  membraneous  shreds  can  here  and  there  be  extracted 
from  them,  which  are  by  some  supposed  to  be  part  of  a  membrane  by  which 
each  several  bundle  is  eusheathed  and  separated  from  its  neighbours. 

The  surface  of  a  tendon  or  of  any  other  part  consisting  of  this  texture, 
ai^pears  marked  across  the  direction  of  the  fasciculi  with  alternate  light  and 
dark  streaks,  which  give  it  a  peculiar  aspect,  not  unlike  that  of  a  watered 
ribbon.  This  appearance  is  owing  to  the  wavy  course  of  the  filaments,  for 
when  the  light  falls  on  them  their  bendings  naturally  give  rise  to  alternate 
lights  and  shadows. 

The  fibrous  and  areolar  tissues  thus  agreeing  in  their  ultimate  structure, 
it  is  not  to  be  wondered  at  that  sometimes  the  limits  between  the  two  should 
be  but  ill  defined,  and  that  the  one  should  pass  by  inconspicuous  gradations 
into  the  other.  Instances  of  such  a  transition  may  be  seen  in  many  of  the 
fascise  ;  these  at  certain  parts  consist  of  dense  areolar  tissue,  but  on  being 
traced  farther  are  seen  gradually  to  take  on  the  fibrous  character  ;  and 
fasciae,  which  in  one  body  consist  of  areolar  tissue,  may  be  decidedly  fibrous 
in  another. 

In  chemical  constitution  also  the  fibrous  tissue  is  similar  to  the  areolar. 
It  contain?  about  two-thirds  of  its  weight  of  water  ;  it  becomes  transparent, 
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Lard,  and  brittle,  when  dried,  but  readily  imbibes  water  again  and  regains 
Its  original  properties.     It  is  resolved  into  gelatin  by  boiling 

The  fibrous  tissue  receives  blood-vessels,  but  in  general  they  are  inconsi- 
derable both  m  number  and  size  compared  with  the  mass  of  tissue  to  which 
they  belong.  In  tendons  and  ligaments  with  longitudinal  fasciculi,  the 
chief  branches  of  the  vessels  run  paraUel  with  and  between  the  larger  fasci- 
culi, and,  sending  communicating  branches  across  them,  eventually  form  a 
very  open  network  with  large  oblong  meshes.  Some  fibrous  membranes,  as 
the  periosteum  and  dura  mater,  are  much  more  vascular  ;  but  the  vessels 
seen  in  these  membranes  do  not  strictly  belong  to  them,  being  destined  for 
the  bones  which  they  cover.  The  lymphatics  of  fibrous  tissue,  are  not 
sufficiently  known  to  be  spoken  of  with  certainty. 

As  to  nerves,  their  general  existence  in  this  texture  has  not  been  satis- 
factorily demonstrated  by  anatomical  investigation.  Recent  inquiries  into 
this  subject  have  shown  that  the  smaller  tendons  contain  no  nerves,  and  the 
larger  only  such  nervous  filaments  as  accompany  and  belong  to  the  vessels  ; 
and  the  same  is  true  of  the  ligaments.  The  fasciae  and  the  sheaths  of  ten- 
dons are  also  destitute  of  nerves.  On  the  other  hand,  fine  nerves  have  been 
traced  in  the  interosseous  membrane  of  the  leg,  and  nervous  filaments  are 
even  abundant  in  the  periosteum,  but  the  majority  of  them  do  not  belong 
to  the  membrane  itself,  but  are  destined  for  the  subjacent  bone.  Nerves 
have  also  been  traced  in  the  dura  mater  ;  some  accompany  the  vessels, 
others  appear  destined  for  the  membrane  itself,  and  others  again  for  the 
bones. 

It  has  been  proved  by  numerous  observations  and  experiments,  that  the 
tendons,  ligaments,  and  other  structures  composed  of  fibrous  tissue,  are,  in 
the  healthy  state,  quite  insensible  ;  but  then  it  is  known,  on  the  other  hand, 
that  they  occasion  severe  pain  when  inflamed,  which  cannot  well  be 
accounted  for  on  the  supposition  that  they  are  entirely  destitute  of  nerves. 
Bichat,  while  he  admitted  their  insensibility  to  cutting,  burning,  and  most 
other  kinds  of  stimuli  which  cause  pain  in  sensible  textures,  ascribed  to 
them  a  peculiar  sensibility  to  twisting  or  to  violent  extension,  and  this 
opinion  has  been  supported  by  other  authorities  of  weight,  but  the  proofs 
of  it  are  not  clear. 

It  readily  heals  and  unites  when  divided,  as  is  seen  in  cases  of  broken 
tendo  Achillis.  Fibrous  tissue  is  very  generally  produced  as  a  uniting 
medium  of  broken  bones  when  osseous  union  fails  to  take  place  ;  it  is  com- 
mon as  a  diseased  production  in  various  kinds  of  tumours. 

YELLOW  OR  ELASTIC  TISSUE. 

Whilst  the  fibrous  tissue  is  remarkable  for  its  want  of  extensibility,  and 
owes  its  usefulness  as  a  constituent  of  the  frame  in  a  great  measure  to  that 
character,  the  substance  we  have  now  to  consider  possesses  this  property  in 
a  very  high  degree,  and  is  employed  wherever  an  extensible  and  highly 
elastic  material  is  required  in  the  animal  structure. 

Examples  of  this  texture  on  a  large  scale  are  seen  in  the  horse,  ox, 
elephant,  and  other  large  quadrupeds,  in  which  it  forms  the  great  elastic 
liframent,  called  ligamentum  michce,  that  extends  from  the  spines  of  the 
vertebrae  to  the  occiput,  and  aids  in  sustaining  the  head  ;  in  the  same 
animals  it  also  forms  an  elastic  subcutaneous  fascia,  which  is  spread  over  the 
muscles  of  the  abdomen  and  assists  in  supporting  the  contents  of  that 
cavity.  In  the  human  body  it  is  met  with  chiefly  in  the  following  situa- 
tions, viz.  : — 
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1.  Forming  the  lirjamcnta  mhflava,  ivliicb  extend  between  the  arcbcs  of  adjacent 
vertcbra3 ;  these  ligaments,  while  they  permit  the  bones  to  be  drawn  apart  in  flexion 
of  the  body,  aid  in  restoring  and  maintaining  their  habitual  approximation  in  the 
erect  posture— so  far,  therefore,  relieving  the  constant  effort  of  the  erector  muscles. 

2.  Constituting  the  chief  part  of  the  stylohyoid,  thyrohyoid,  and  cricothyroid  liga- 
ments, and  those  named  the  vocal  cords.  Also  extending,  in  form  of  longitudinal 
bands,  underneath  the  mucous  membrane  of  the  windpipe  and  its  ramifications. 

3.  Entering,  along  with  other  textures,  into  the  formation  of  the  coats  of  the  blood- 
vessels, especially  the  arteries,  and  conferring  elasticity  on  these  tubes.  4.  Beneath 
the  mucous  membrane  of  the  gullet  and  lower  part  of  the  rectum,  also  in  the  tissue 
which  surrounds  the  muscular  coat  of  the  gullet  externally.  5.  In  the  tissue  which 
lies  under  the  .serous  membranes  in  certain  parts.  6.  In  many  of  the  fasciae,  where 
it  is  mixed  with  much  areolar  tissue.  7.  Largely  in  the  suspensory  ligament  and 
subcutaneous  tissue  of  the  penis.  8.  In  considerable  quantity  in  the  tissue  of  the 
skin. 

ITie  elastic  tissue  in  its  purest  and  most  typical  condition,  sucli  as  is  seen 
in  the  ligamentum  nuchas  of  quadrupeds  and  the  liganienta  subflava  of  the 
human  spine,  has  a  yellow  colour  more  or  less  decided  ;  it  is  extensible  and 
elastic  in  the  highest  degree,  but  is  not  so  strong  as  ordinary  fibrous  liga- 
ment, and  it  breaks  across  the  direction  of  its  fibres  when  forcibly  stretched. 
Its  fibres  may  be  easily  torn  separate  in  a  longitudinal  direction  ;  they  are 
often  gathered  into  irregular  fasciculi  which  run  side  by  side  but  join  at 
short  distances  by  slips  with  one  another,  and  are  further  connected  by 
areolar  tissue,  which  is  always  intermixed  with  them  in  greater  or  less 
quantity.  Elastic  ligaments  are  also  covered  outwardly  with  a  sheath,  of 
areolar  tissue. 

When  the  elastic  fibres  are  mixed  up  with  a  large  proportion  of  some 
other  kind  of  tissue,  their  yellow  colour  may  not  appear,  but  they  can 
always  be  recognised  by  their  microscopic 
characters.  When  vie  wed  under  a  tolerably 
high  magnifying  power,  they  appear  quite 
transparent,  with  a  remarkably  well- 
defined  dark  outline  (fig.  xxxvii.).  They 
run  side  by  side,  following  a  somewhat 
bending  course,  but  Avith  bold  and  wide 
curves,  unlike  the  undulations  of  the  white 
connective  filaments.  As  they  proceed  they 
divide  into  branches,  and  join  or  anas- 
tomose together  in  a  reticular  manner. 
Elastic  networks  may  be  composed  of  fine 
fibres  with  wide  meshes,  and  this  is  the 
character  of  all  at  first  ;  but  while  some 
continue  in  this  state,  in  others  the  elastic 
fibres  grow  larger  and  broader  and  the 
intervening  spaces  narrower,  so  that  the 
tissue  may  acquire  a  lamellar  character 
and  present  the  appearance  of  a  homo- 
geneous membrane,  which  may  be  either 
entire,  or  with  gaps  or  perforations  at  short 
intervals,  in  whicb  case  it  constitutes  the 
fenestrated  membrane  of  Henle,  found  in 
the  coats  of  the  blood-vessels.  A  re- 
markable character  which  elastic  fibres  exhibit  in  many  specimens,  is 
their  smgukr   tendency  to  curl  up  at   their  broken  ends  j    and  the.se 


Fig.  XXXVIL 


Fig,   XXXVII.— Elastic  I'IDUKS 

FnOM  THE  LlGAMENTA  SuBFLA«\'A, 
MAGNIFIED  ABOUT  200  DIAMETEKS. 


Ixxviii 


SPECIAL  VARIETIES  OF 


ends  are  not  pointed,  but  abruptly  broken  across.  Their  size  is  very 
vnnous  ;  the  largest  in  man  are  nearly  -foVfyth  of  an  inch  in  diameter,  the 
smallest  perhaps  not  more  than  ^7 ^^^th.  In  some  varieties  of  the  tissue  the 
larger  sized  fibres  prevail  ;  this  is  the  case  with  the  ligamenta  subflava, 
Avhere  their  general  diameter  is  abont  0*^^  of  a"  inch  ;  in  other  instances, 
as  in  the  chordae  vocales,  they  are  exceedingly  fine.  In  some  animals  elastic 
fibres  are  met  -with  ttVtt"'^^  of  i"ch  in  thickness.  Acetic  acid  produces 
no  change  on  the  elastic  fibres,  while  it  speedily  alters  the  wavy  areolar 
fibres  that  are  usually  intermixed  with  them  in  greater  or  less  number. 
They  also  withstand  boiling  for  a  short  time  in  solutions  containing  ten  to 
fifteen  per  cent,  of  caustic  potash  or  soda,  by  which  the  wliite  fibres  and 
the  corpuscles  of  connective  tissue  are  speedily  destroyed. 

The  elastic  tissue,  of  course,  contains  water,  and  loses  much  of  its  weight 
by  drying  ;  but  the  proportion  is  said  not  to  be  so  great  as  in  most  other 
soft  tissues.  By  very  long  boiling  it  yields  a  substance  in  some  points 
resembling  gelatin,  while  a  portion,  equal  to  rather  more  than  the  half, 
remains  undissolved. 


The  gelatin,  no  doubt,  comes  from  the  intermixed  areolar  tissue;  but  the  dis- 
solved matter  is  not  pure  gelatin,  for  it  is  precipitated  by  acetic  acid,  and  by  some 
other  reagents  which  do  not  disturb  a  sokition  of  pure  geliitin.  The  nature  of  the 
substance  which  remains  undissolved  has  not  been  determined.  Caustic  potash  and 
soda  have  little  effect  on  elastic  tissue  in  the  cold,  and  in  weak  sohitions  even  when 
hot,  unless  the  application  is  long  continued ;  boiling  in  concentrated  solutions 
speedily  dissolves  it.  It  is  soluble  with  the  aid  of  heat  in  dilute  hydrochloric 
acid. 

Little  is  known  respecting  the  blood-vessels  and  nerves  of  this  texture. 
The  yellow  ligaments  which  contain  it  in  its  purest  form,  are  but  scantily 
supplied  with  vessels  ;  and  no  nerves  have  been  traced  into  them.  I  am 
not  aware  of  any  experiments  or  observations  as  to  their  sensibility,  but 
there  is  no  reason  for  supposing  it  to  be  greater  than  that  of  ordinary  liga- 
ments ;  nor  has  it  been  shown  that  structures  containing  this  tissue  possess 
vital  contractility,  unless  they  also  contain  contractile  fibres  of  another 
kind. 

SPECIAL  VARIETIES  OF  CONNECTIVE  TISSUE. 

1.  Jelly-like  connective  Ussue,  or  mucous  tissue.  In  the  early  embryo  the 
areolar  tissue  consists  of  a  pellucid  jelly  and  nucleated  corpuscles.  The  soft, 
watery  jelly  contains  the  chemical  principle  of  miicus,  or  mucin,  and,  in 
much  less  proportion,  albumen,  but  no  gelatin.  In  the  general  course  of 
development  of  the  tissue,  fibres,  both  white  and  elastic,  are  formed  in  the 
soft  matrix,  and  finally  this  substance  entirely  or  in  a  great  measure  dis- 
appears. But  in  certain  cases  the  course  is  different.  The  cells  may  dis- 
appear, only  the  jelly  remaining,  as  in  the  vitreous  humour  of  the  eye  ;  or 
the  corpuscles  may  branch  out  and  join  together  in  form  of  a  network  in 
the  jelly,  with  the  persisting  nuclei  at  the  spots  whence  the  threads 
diverge.  Such  a  condition  is  seen  in  the  enamel-organ  of  growing  teeth. 
The  areolar  tissue  surrounding  and  imbedding  the  vessels  in  the  umbilical 
cord  consists  of  fusiform  and  ramified  corpuscles  associated  with  white 
fibrillar  bundles  and  elastic  fibres,  along  with  much  of  the  soft  matrix, 
which  is  persistent  at  the  time  of  birth  and  constitutes  the  jelly  of 
"Wharton. 
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9  Betiform*  connective  tissue;  Beticular  tissue,  ^tilI  Cytogenous  tissue 
rKoiliker)  •  Adenoid  tissue  (His).  In  this  case  the  matrix  disappears  ; 
neither  white  nor  elastic  fibres  are  developed,  but  the  ramified  corpuscles 
unite  toc^ether  into  a  reticular  or  fine  trabecular  structure  (fig.  xxxvni.)  ; 
either  regaining  their  nuclei  as  at  a,  or  losing  them  and  then  formmg  a  fine 
network  of  simple  fibres  without  nuclei,  as  at  6.  ,    .  , 

That  in  both  forms  the  tissue  is  constructed  of  ramified  corpuscles  is  shown 
by  its  withstanding  boiling  in  water,  whilst  it  readily  dissolves  lu  hot  alkaline 
solutions  This  form  of  connective  tissue  enters  into  the  construction  of  cer- 
tain organs  and  textures,  where  it  serves  as  a  supporting  framework  to  their 
peculiar  elements  and  their  nourishing  blood-vessels,  and  thus  becomes  a 
«  sustentacular "  tissue  {Stiitzgewebe,  Germ.).  In  this  way  it  forms  a  trabecular 
network  within  the  lymphatic  glands,  containing  the  lymph  or  chyle  cor- 
puscles in  its  meshes  (as 
at  c).  So  also  it  is  found 
in  tlie  solitary  and  agmi- 
nated  follicular  glands 
of  the  intestine,  the 
tongue  and  tonsils  ;  in 
the  thymus  gland  ;  in 
the  pulp  and  Malpighian 
bodies  of  the  spleen,  and 
in  the  tissue  of  the  in- 
testinal mucous  mem- 
brane at  certain  parts  ; 
in  all  which  situations 
the  meshes  contain  cor- 
puscles of  similar  exter- 
nal character  with  those 
in  the  lymphatic  glands. 
But  although  thus  related 
to  glands  and  thence 
named  "adenoid" tissue, 
it  exists  also  as  a  sus- 
taining    structure  in 

the  brain  and  spinal  cord,  where,  with  finer  branches  and  closer  meshes,  it 
forms  an  extremely  delicate  framework  supporting  the  proper  nervous 
substance,  and  has  been  called  the  reticulum  (Kolliker). 

3.  Homogeneous  connective  tissue.  More  consistent  than  the  mucous  or 
jelly-like  tissue,  and  difi"ering  also  in  chemical  nature,  inasmuch  as  it 
appears  to  be  collagenous  (i.  e.,  yielding  gelatin),  and  thus  more  nearly 
related  in  substance  to  the  white  fibrillar  tissue.  It  contains  no  fibres  or 
fibrils,  and  may  be  quite  transparent  and  uniform  in  character,  or  faintly 
granular  and  striated.  For  the  most  part  this  substance  occurs  in  the  form 
of  homogeneous  membranes;  examples  of  which  are  found  in  the  external  coat 
of  fine  vessels,  the  hyaloid  membrane  in  the  eye,  the  capsules  of  the  Mal- 
pighian bodies  in  the  kidney  and  spleen,  the  capsules  of  the  solitary  and 
agminated  intestinal  glands  and  the  lingual  and  tonsillar  follicular  glands, 
in  the  Graafian  follicles,  and  in  certain  gland-ducts.  It  must  be  noted, 
however,  that  some  homogeneous  membranes,  as,  for  example,  the  posterior 
elastic  lamina  of  the  cornea,  are  of  a  difl'erent  nature. 

*  I  use  the  term  "retiform,"  not  because  it  signifies  more  or  less  than  "reticular," 
but  because  the  latter  term  is  not  unfrequently  applied  to  areolar  tissue. 


Fig.   XXXVIII.  —Thin  Section  from  the  Cortical 
Paut  of  a  Lymphatic  Gland,  magnified. 

A  network  of  fine  trabeculse  formed  by  retiform  or 
adenoid  tissue,  from  the  meshes  of  which  the  lymph-cor- 
puscles have  been  washed  out,  except  at  c,  where  they  are 
left  (after  His,  slightly  altered). 
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DEVELOPMENT  OF  CONNECTIVE  TISSUE. 

In  those  parts  of  the  embryo  where  connective  tissue  is  to  be  developed,  there  is  at 
first  a  deposit  of  nucleated  corpuscles,  having  the  characters  common  to  the  cells  of 
which  the  early  embryo-body  throughout  consists.  Between  the  cells  is  a  small 
amount  of  soft  amorphous  intercellular  substance,  which  increases  in  quantity.  This 
18  at  first  of  a  muco-albuminous  nature,  but  is  in  great  part  changed  into  a  gela- 
tinous substance,  which  assumes  a  fibrillar  character,  and  becomes  converted  into  the 
bundles  of  white  wavy  filaments  that  constitute  the  chief  part  of  the  areolar  and 
fibrous  tissues.  These  bundles,  after  their  first  appearance,  increase  in  size,  and  con- 
tinue to  grow  larger  after  birth.  Amongst  these  white  fasciculi,  elastic  fibres,  in 
varying  proportion,  appear  at  a  somewhat  later  period.  These  are  also  produced 
from  the  intercellular  substance,  which  in  this  case  undergoes  a  different  chemical 
change.  They  appear  from  the  first  in  form  of  networks  pervading  the  intercellular 
mass  throughout,  and  not  as  single  shorter  fibres  gradually  lengthening  out  and  joining 
together ;  nor  do  they  appear  to  be  formed  by  the  linear  coalescence  of  granules,  but  by 
immediate  differentiation  in  the  intercellular  substance.  The  elastic  fibres  are  at 
first  exceedingly  fine,  but  acquire  greater  thickness  as  development  advances,  and  in 
some  situations  what  was  originally  a  network  may  become  an  elastic  membrane. 
The  cells  in  part  remain  as  the  connective-tissue  corpuscles  already  described ;  irre- 
gularly ramified  in  open  areolar  tissue,  but  fusiform  within  the  bundles  and  in  the 
interstices  of  dense  fibrous  tissue ;  part  of  them  become  filled  with  fat,  and  form  the 
adipose  tissue.  The  intercellular  substance  is  usually  reduced  to  an  inconspicuous 
amount,  but  in  some  situations  remains  in  notable  quantity. 

Such  is  the  most  general  course  of  development ;  but,  as  will  be  understood  from 
what  has  preceded,  it  is  different  in  particular  cases.  Thus,  the  intercellular  sub- 
stance may  accumulate  in  large  proportion,  and  the  cells  finally  disappear,  as  in  the 
vitreous  humour ;  or  the  cells  may  be  developed  into  retiform  or  cytogenous  tissue, 
without  the  formation  of  fibres,  either  white  or  elastic,  in  which  case  the  jelly-like 
substance  may  remain,  as  in  the  enamel-organ ;  or  the  reticular  interstices  may  become 
filled  with  the  elements  of  another  tissue,  as  in  the  lymphatic  glands  and  nervous 
centres.  In  the  development  of  the  pure  elastic  ligaments  the  cells  shrink  as  the 
elastic  fibres  grow  larger,  and  at  length  disappear  altogether. 

The  intercellular  substance  may  be  excreted  by  the  cells,  but  there  is  no  clear 
proof  of  this ;  it  may  be  an  independent  deposit  between  them ;  and  the  disappear- 
ance of  the  cells  fi'om  pure  elastic  ligament  would  seem  to  show  that,  whatever  be  the 
influence  they  exert  in  the  original  formation,  they  are  not  needed  for  carrj'ing  on 
the  nutrition,  or  even  for  the  further  growth  of  the  tissue. 

The  foregoing  account  of  the  formation  of  connective  tissue  is  derived  from  Kblli- 
ker's  latest  observations ;  *  but  Max  Schultze  considers  that  the  intercellular  sub- 
stance, or  matrix,  is  neither  excreted  by  the  cells,  nor  deposited  ab  extra,  but  is  in 
reality  formed  by  conversion  of  part  of  the  protoplasm  which  forms  the  bodies  of  the 
cells  (nucleated  protoplasm  masses) :  the  matrix  thus  increases  and  becomes  fibrillated 
at  the  expense  of  the  cells,  which,  now  reduced  to  the  nuclei  surrounded  with  a  small 
portion  of  protoplasm,  remain  as  the  connective-tissue  corpuscles. 


CARTILAGE. 

This  is  the  well-known  substance  commonly  called  "giistle."  The  follow- 
ing are  its  more  obvious  characters.  When  in  mass,  it  is  opaque  and  of  a 
pearly  or  bluish  white  colour,  in  some  varieties  yellow  ;  but  in  thin  slices  it 
is  translucent.  Although  it  can  be  easily  cut  with  a  sharp  knife,  it  is 
nevertheless  of  very  firm  consistence,  but  at  the  same  time  highly  elastic, 
so  that  it  readily  yields  to  pressure  or  torsion,  and  immediately  recovers  its 
original  shape  when  the  constraining  force  is  withdrawn.     By  reason  of 

*  Neue  Untersuchungen  iiber  die  Entwickelung  des  BiudegewcbRs.  Wurzb.  naturwiss. 
Zeitschr.,  vol.  ii.    Also  Handbuch  der  Qewebelebre,  4th  edit.  1863. 
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these  mechanical  properties,  it  is  rather  extensively  used  in  the  construction 
of  the  body.    Its  specific  gravity  is  1-15. 

In  tlie  early  embryo  the  skeleton  is,  in  great  part,  cartilaginoiis  ;  but  the 
cartilage  forming  its  different  pieces,  which  have  the  outward  form  of  the 
future  bones,  in  due  time  undergoes  ossification  or  gives  place  to  bone,  in 
the  greater  part  of  its  extent  at  least,  and  hence  this  variety  of  cartilage  is 
named  "temporaiy." 

Of  the  permanent  cartilages  a  great  many  are  in  immediate  connection 
with  bone,  and  may  be  still  said  to  form  part  of  the  skeleton.  The  chief  of 
these  are  the  articular  and  the  costal  cartilages  ;  the  former  cover  the  ends 
or  surfaces  of  bones  in  the  joints,  and  afford  these  harder  parts  a  thick 
springy  coating,  which  breaks  the  force  of  concussion  and  gives  ease  to  their 
motions  ;  the  costal  or  rib-cartilages  form  a  considerable  part  of  the  solid 
framework  of  the  thorax,  and  imparb  elasticity  to  its  walls.  Other  perma- 
nent cartilages  enter  into  the  formation  of  the  external  ear,  the  nose,  the 
eyelids,  the  Eustachian  tube,  the  larynx,  and  the  windpipe .  They  strengthen 
the  substance  of  these  parts*  without  undue  rigidity ;  maintaining  their 
shape,  keeping  open  the  passages  through  them  where  such  exist,  and 
giving  attachment  to  moving  muscles  and  connecting  ligaments. 

Cartilages,  except  those  of  the  joints,  are  covered  externally  with  a 
fibrous  membrane  named  the  perichondrium. 

When  a  very  thin  slice  of  cartilage  is  examined  with  the  microscope,  it  is 
seen  to  consist  of  nucleated  cells,  also  named  cartilage  corpuscles,  dissemi- 
nated in  a  solid  mass  or  matrix.    (Figs,  xxxix.,  XL.,  and  xii. ) 

The  matrix  is  sometimes  transparent,  and  to  all  appearance  homogeneous ; 
sometimes  dim  and  very  faintly  granular,  like  ground  glass  :  both  these 
conditions  occur  in  hyaline  cartilage,  which  may  be  regarded  as  the  most 
typical  form  of  the  tissue.  Two  varieties  exist  in  which  the  matrix  is  per- 
vaded to  a  greater  or  less  extent  by  fibres.  In  the  one,  named  elastic  or 
yellow  cartilage,  the  fibres  are  similar  to  those  of  elastic  tissue  ;  in  the 
other,  named  fibro-cartilage,  they  are  of  the  white  kind  as  in  ordinary 
ligament. 
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In  hyaline  cartilage  the  matrix,  as  just  stated,  is  uniform  and,  in 
the  normal  state,  free  from  fibres.  The  cells  consist  of  a  rounded,  oval,  or 
bluntly  angular  cell-body  of  translucent,  but  sometimes  finely  granular- 
looking  substance,  with  a  clear  round  nucleus  and  one  or  more  nucleoli. 
The  cell-body  lies  in  a  cavity  of  the  matrix,  which,  in  its  natural  condition, 
it  entirely  fills.  This  cavity  is  bounded  and  inclosed  by  a  transparent 
capside,  which  is  seldom  obvious  to  the  eye,  for  it  coheres  intimately  with 
the  surrounding  matrix,  with  which  it  agrees  in  nature,  and  cannot  usually 
be  distinguished  without  the  aid  of  re-agents.  The  capsule  has  been 
regarded  as  a  secondary  cell-wall  and  compared  to  the  cellulose  wall  of 
vegetable  cells  ;  while  the  body  it  contains  is,  on  the  same  view,  considered 
to  be  homologous  with  the  primordial  utricle  and  its  contents.  But  the 
same  doubt  prevails  here  as  in  the  case  of  vegetables,  as  to  the  existence  of 
a  proper  membrane  -(the  utricle)  immediately  investing  the  substance  of  the 
cell.    (See  page  xiv,  and  figures  viii.  and  ix.) 

In  thin  slices  of  young  cartilage  the  capsules  may  be  freed  from  the  matrix  by 
means  of  concentrated  mineral  acids,  and  can  then  be  shown  as  distinct  vesicles 

/ 
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having  the  cell-bodies  within     T}ip  pfFaM  ■  i  • 

of  the  cartilage  in  watei  Rv  olZf  \  T^'  promoted  by  previous  boiling 
body  shrinks  awa^  lom  tho  in!  r  7f,  ''"^  ^''^"i'l^  the  cell- 
wise  irregulLJgL-e  and  then  '"'^  assumes  a  jagged  or  other- 
smaller  fft  globules.                        ^"'^^  "f^^'^  <=°"t'^''^«  I'^rger  or 

™  ot^ii/'  TT^^  '^^'PT'.'^  '^"s'y       ^--^t^i^ ;      "^"''^"y  form 

'     "^""^T  *""'^  «^^rf-ce  of  the  cartilage 

the  groups  are  generally  flattened  conformably  with  the  surface  (fig  XL  ) 
appean.,g  narrow  and  almost  linear  when  seen  edgewvays,  as  [n  a  nernendi 

^TTZ-    (^i-.^-^^^-^-'  -  aUp  Ce  rst'^Toul 

Ime  where  they  adjoin  or  approach  one  another,  but  at  the  circumference  of 
tlie  group  their  outline  is  rounded. 

^rfl'  ^^f.^*'^"''^"^.^  «f  J^y^li^e  cartilage  in  general,  but  it  is  more  or  less 
modified  m  different  situations. 


Fig.  XXXIX. 


Fig.  XL. 


n'HiUllliiS'BWWi"" 


Fig.  XXXIX. — Diagram  repuesentino  a  Vertical  Section  of  Articular  Cartilagh, 

SEEN  WITH  A  LOW  MAGNIFYING  POWER. 

_  a,  Flattened  groups  of  cells  near  the  surface  ;  b,  oblong  groups,  for  the  most  part 
directed  vertically  ;  c,  part  of  the  bone. 

Fig.  XL. — A  Thin  Later  peeled  off  prom  the  Surface  op  the  Cartilage  of  the 
Head  of  the  Humerus,  showing  Flattened  Groups  of  Cells. 

The  shrunken  cell-bodies  are  distinctly  seen,  but  the  limits  of  the  capsular  cavities 
where  they  adjoin  one  another  are  but  faintly  indicated.    Magnified  400  diameters. 

In  articular  cartilage,  the  matrix  in  a  thin  section  appears  dim,  like 
ground  glass,  and  has  an  almost  granular  aspect.  The  cells  and  nuclei  are 
small.  The  groups  which  they  form  are  flattened  at  and  near  to  the  surface, 
and  lie  parallel  with  it  (fig.  xxxix. ,  a,  and  fig.  XL.)  j  deeper  and  nearer 
the  bone,  on  the  other  hand,  they  are  narrow  and  oblong,  like  short  strings 
of  beads,  and  are  mostly  directed  vertically.  (Fig.  xxxix.,  b,  fig.  xl.)  It 
is  well  known  that  articular  cartilages  readily  break  in  a  direction  per- 
pendicular to  their  surface,  and  the  surface  of  the  fracture  appears  to  the 
naked  eye  to  be  striated  in  the  same  direction,  as  if  they  had  a  columnar 
structure  ;  this  has  been  ascribed  to  the  vertical  arrangement  of  the 
rows  of  cells,  or  to  a  latent  fibrous  or  columnar  disposition  of  the  sub- 
stance of  the  matrix  (Leidy).  It  was  formerly  held  that  the  free 
surface    of   articular    cartilage    is    covered   with   epithelium  continued 
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from  tliat  of  the  synovial  membrane,  a  thin  stratum  of  areolar  tissue 
being  interposed  ;  but  the  existence  of  such  a  covering  is  certainly  not 
general,  at  least  in  the 

adult.     It  is  easy,  no  Fig.  XLI. 

doubt,  to  peel  oS  a  thin 
him  from  the  surface  of 
the  cartilage  of  the  head 
of  the  humerus  or  femur ; 
but  this  superficial  layer 
is  really  part  of  the  car- 
tilage, and  its  broad 
patches  of  cells  with  the 
intermediate  matrix  are 
not  to  be  mistaken.  (See 
fio-  XI.)  At  the  same 
time,  it  is  true  that  near 
the  margin  of  these  car- 
tilages a  layer  of  fine 
filamentous  tissue,  co- 
vered with  epithelium, 
is  prolonged  a  certain 
way  over  their  svirface 
from  the  synovial  mem- 
brane. The  matrix  of 
articular  cartilage  rarely, 
or  perhaps  never,  be- 
comes pervaded  by 
fibres  like  those  so  often 
seen  in  rib-cartilage, 
nor  Ls  it  prone  to  ossify. 

In  the  cartilacjes  of  the  rihs,  the  corpuscles  or  cells,  which  are  of  large  size, 
are  also  collected  in  groups.  Near  the  exterior  of  the  cartilage  they  are 
flattened,  and  lie  parallel  with  the  surface,  forming  a  superficial  stratum 
from  to  -j^Q  of  an  inch  thick.  As  to  those  situated  more  inwardly,  we 
can  sometimes  observe,  in  a  transverse  slice,  that  they  form  oblong  groups 
disposed  in  lines  radiating  to  the  circumference  ;  but  this  arrangement  is 
not  constant,  and  they  often  appear  quite  irregular.  The  cells,  with  the 
exception  of  those  lying  upon  the  surface,  commonly  contain  larger  or 
smaller  drops  of  oil  ;  and  the  nucleus  being  generally  undiscoverable,  is 
concealed  by  the  fat  or  may  itself  have  undergone  a  fatty  metamorphosis. 
The  matrix  is  tolerably  clear,  except  where  fibres  have  been  developed  in  it, 
in  which  parts  it  is  opaque  and  yellowish.  Such  fibrous  patches  are  very 
frequent  ;  the  fibres  are  fine,  straight,  and  parallel,  appearing  transparent 
when  few  together  ;  they  withstand  the  action  of  acetic  acid.  It  is  not  un- 
common to  find  the  rib  cartilages  extensively  ossified. 

It  was  observed  by  Uerissant  *  that  the  costal  cartilages,  after  many 
months'  maceration  in  putrid  water,  would  sometimes  break  up  into  thin 
plates,  directed  across  the  axis  of  the  cartilage  ;  from  which  he  inferred 
that  these  cartilages  were  naturally  made  up  of  such  transverse  lamellae  : 
but  the  point  does  not  appear  to  have  been  further  investigated. 

The  description  given  of  the  microscopic  characters  of  the  costal  cartilages 
will  apply  with  little  variation  to  the  ensiform  cartilage  of  the  sternum,  to 


Fig.  XLI. — Vertical  Section  of  Articulau  Cartilage 
OF  THE  Head  of  the  Homerus. 

A  deep  portion  near  the  bone.  Magnified  400  dia- 
meters. Each  cell-cavity  contains  a  mass  shaped  like 
itself,  the  shrunken  cell  body,  in  the  midst  of  which  a 
round  nucleus  is  probably  concealed. 


Mem.  de  I'Acad.  des  Sc.  de  Paris,  1748. 
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the  cartilages  of  the  larynx  and  windpipe,  except  the  epiglottis  and  corni- 
ciila  laryngis,  and  to  the  cartilages  of  the  nose.  With  the  exception  of  the 
last,  these  resemble  the  rib- cartilages  also  in  their  tendency  to  ossify. 

^  The  characters  of  the  temporary  cartilages,  which  are  hyaline,  will  bo 
given  in  the  account  of  the  formation  of  bono. 

No  nerves  have  been  traced  into  any  of  the  cartilages,  and  they  are  known 
to  be  destitute  of  sensibility. 

In  the  healthy  state,  no  bloodvessels  penetrate  the  articular  cartilages. 
Whatever  nutrient  fluid  they  require  seems  to  be  derived  from  the  vessels  of 
adjoining  textures,  especially  the  bone,  and  to  be  conveyed  through  the 
tissue  by  imbibition.  In  the  embryo,  a  layer  of  vessels  is  prolonged  some 
way  over  the  surface,  underneath  the  synovial  membrane  ;  but,  as  deve- 
lopment proceeds,  these  sub-synovial  vessels  retire  towards  the  circumference 
of  the  cartilage,  and  eventually  form  a  narrow  vascular  border  round  it, 
which  has  been  named  the  cir cuius  articuU  vasculosus. 

When  the  tissue  exists  in  thicker  masses,  as  in  the  cartilages  of  the  ribs, 
canals  are  here  and  there  excavated  in  its  substance,  along  which  vessels  are 
conducted  to  supply  nourishment  to  the  part  too  distant  to  receive  it  from 
the  vessels  of  the  perichondrium.  But  these  canals  are  few  and  wide  apart, 
and  the  vessels  do  not  pass  beyond  them  to  ramify  in  the  intermediate 
mass,  which  is  accordingly  quite  extra-vascular.  It  must  be  further 
remembered  respecting  these  vascular  canals,  that  many  of  them  lead  to 
spots  where  the  cartilage  is  undergoing  ossification,  and  convey  vessels  to 
supply  the  bony  deposits. 

Ordinary  permanent  hyaline  cartilage  contains  about  three-fifths  of  its 
weight  of  water,  and  becomes  transparent  by  drying.  By  boiling  it  in 
water  for  fifteen  or  twenty  hours  it  is  resolved  into  chondrin.  This  is  a 
substance  said  to  gelatinise  on  cooling,  although  it  may  be  doubted  whether 
the  congelation  is  not  in  reality  owing  to  an  admixture  of  gelatin  derived 
from  fibrous  tissue  not  duly  separated  from  the  cartilage.  Like  gelatine, 
chondrin  is  thrown  down  from  its  solutions  by  tannic  acid,  alcohol,  ether, 
creosote,  and  corrosive  sublimate,  and  not  by  prussiate  of  potash.  It  diflFers 
from  gelatin  in  being  precipitated  by  the  mineral  and  other  acids,  the 
acetic  not  excepted  ;  also  by  alum,  sulphate  of  alumina,  persulphate  of  iron, 
and  acetate  of  lead  ;  the  precipitates  being  soluble  in  an  excess  of  the 
respective  precipitants.  The  temporary  cartUages  are  resolved  into  a  matter 
which  has  the  chemical  reactions  of  chondrin,  but  does  not  gelatinise. 
Cartilage  afi"ords  by  incineration  a  certain  amount  of  mineral  ingredients  ; 
3  "4  per  cent,  of  ashes  were  obtained  from  costal  cartilages  by  Frommherz 
and  Gugert,  and  100  parts  of  these  ashes  were  found  to  consist  of 

Carbonate  of  soda 
Sulphate  of  soda 
Chloride  of  sodium 
Phosphate  of  soda  . 
Sulphate  of  potash 
Carbonate  of  lime  . 
Phosphate  of  lime 
Phosphate  of  magnesia 
Oxide  of  iron,  and  loss 

Von  Bibra  found  the  amount  of  carbonates  very  small,  and  that  of  the 
other  salts  very  variable.  Soda-salts  greatly  preponderate  over  those  of 
potash,  which  may  even  be  absent  altogether. 


35-07 
24-24 
8-23 

0-  92 

1-  20 
18-37 

4-06 
6-91 
1-00 
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Development  of  hyaline  cartilar/e.—The  parts  of  the  embryo  which  arc  about  to 
become  cartilages  are  made  up  at  first  of  the  common  embryonic  cells  from  which  the 
tinsues  generally  originate.  The  cell-contents  clear  up,  the  nucleus  becomes  more 
visible,  and  the  cells,  mostly  of  polygonal  outline,  appear  surrounded  by  clear  lines  of 
pellucid  substance,  forming  as  it  were  a  network  of  bright  meshes  inclosing  them, 
but  in  reality  consisting  of  the  cohering  capsules  of  the  contiguous  cells,  and  consti- 
tuting  all  that  exists  of  the  matrix  at  this  time.  Amyloid  matter  appears  at  an 
early  period  in  the  protoplasm  of  cartilage  cells.  Rouget  found  it  in  the  sheep's 
embryo  of  two  months,  both  in  ossifying  cartilage  and  in  the  caililages  of  the 
trachea.  The  subsequent  changes  consist  in  enlargement  and  multiplication  of  the 
cells  and  development  of  the  intermediate  matrix.  The  cells  multiply  by  division. 
The  process  is  described  at  page  xvii,  although  all  the  successive  steps  there 
described  and  represented  in  the  figure  (xii.)  have  not  been  actually  traced.  In 
growing  cartilage  from  the  frog-larva,  Heidenhain*  observed  a  double  (i.  e.  divided) 
nucleus  in  some  cells,  and  in  certain  of  these  a  straight  linear  partition  running 
across  the  cell  between  the  two  nuclei.  This  partition  was  recognised  to  be  double, 
and  doubtless  formed  by  the  contiguous  thin  capsules  of  two  new  cells  formed  by 
division  of  the  previously  single  one.  It  is  doubtful  how  the  capsule  or  secondary 
cell-wall  is  produced ;  Avhether  excreted  by  the  cell  which  it  afterwards  incloses,  as 
hold  by  Kiilliker,  or  formed  by  conversion  of  a  superficial  layer  of  the  protoplasm  of 
the  cell-body,  as  taught  by  Max  Schultze,  or  a  primarily  independent  deposit  round 
the  cells.  However  this  may  be,  there  is  at  first  no  matrix  but  what  is  made  up  of 
the  simple  capsules.  In  further  growth  there  is  a  difference  according  as  the  cells  do 
or  do  not  undergo  frequent  division.  In  the  latter  case  a  cell  becomes  surrounded 
by  many  concentric  capsules  formed  in  succession ;  that  is,  the  first  capsule  is  ex- 
panded, and  the  others  formed  each  within  its  expanding  predecessor,  bo  that  the 
cartilage  comes  to  consist  of  scattered  cells,  each  with  a  concentric  system  of  capsules, 
which  by  means  of  re-agents  may  be  rendered  visible  in  the  neighbourhood  of  the 
cells,  but  further  off  are  inseparably  blended  into  a  uniform  substance.  When,  on  the 
other  hand,  the  cells  have  a  tendency  to  frequent  subdivision,  the  new  capsules  are 
produced  by  the  new  cells,  and  are  included  in  and  finally  blend  with  those  which 
had  belonged  to  the  previous  cells,  as  shown  by  fig.  xii. 

The  matrix,  although  thus  formed  of  the  capsules,  becomes  to  all  appearance  homo- 
geneous ;  but  in  sections  of  cartilage  that  have  been  exposed  to  acids  and  other 
re-agents,  the  contour  lines  of  the  capsules  round  cells  and  cell-groups  may  be  more 
or  less  distinctly  brought  into  view.  ut  whilst  admitting  that  the  capsules  have  a 
share  in  the  production  of  the  matrix,  KoUiker  and  some  other  histologists  incline 
to  the  opinion  that  part  of  it  is  an  independent  deposit.  Heidenhain,  however,  has 
found  that  when  thin  sections  of  cartilage  are  digested  for  twenty-four  hours  in  water, 
at  from  112°  to  122°  P.,  or  in  diluted  nitric  acid  with  chlorate  of  potash  for  a  greater 
or  less  time  according  to  the  degree  of  dilution,  the  matrix  becomes  parted  or 
marked  off  into  polygonal  areas  corresponding  to  the  larger  groups  of  cells,  and  these 
again  into  smaller  groups,  or  single  cells,  without  any  intervening  substance ;  the 
whole  matrix  thus  appearing  to  be  portioned  out  into  segments,  each  appertaining  to 
a  larger  or  smaller  group  of  cells,  and  in  all  probability  representing  the  aggregated 
capsules  belonging  to  them. 

The  vital  changes  which  occur  in  cartilage  take  place  very  slowly.  Its  mode  of 
nutrition  has  been  already  referred  to  ;  it  is  subject  to  absorption,  and  when  a 
portion  is  absorbed  in  disease  or  removed  by  the  knife,  it  is  not  regenerated.  Also, 
when  fractured,  as  sometimes  happens  with  the  rib-cartilages,  there  is  no  re-union  by 
cartilaginous  matter,  but  the  broken  surfaces  become  connected,  especially  at  their 
circumference,  by  fibrous  or  dense  areolar  tissue,  often  by  a  bony  clasp.  But  not- 
withstanding that  normally  it  is  not  regenerated,  hyaline  cartilage  occurs  iu  perfectly 
characteristic  form  as  a  morbid  product  in  certain  tumours. 


ELASTIC  OR  YELLOW  CARTILAGE. 

The  epiglottis  and  cornicula  of  the  larynx,  the  cartilages  of  the  ear  and  of 
the  Eustachian  tube,  differ  so  much  from  the  foregoing,  both  in  intimate 

*  Studien  des  Physiologischen  Instituts  «u  Breslau,  2ter  Heft,  18G3. 
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structure  and  outward  characters,  that  they  have  been  included  in  a 
chiss  apart,  under  the  name  of  the  "elastic,"  "yellow,"  or  "spongy" 
cartilages.    These  are  opaque  and  somewhat  yellow,  are  more  flexible  and 

tough  than  the  ordinary  cartilages,  and 
Fig.  XLtl.  have   little  tendency   to  ossify.  They 

are  made  up  of  cells  and  a  matrix,  but 
the  latter  is  everywhere  pervaded  with 
fibres  (fig.  XLii.),  except  sometimes  in  a 
little  area  or  narrow  zone  left  round  each 
of  the  cells.  These  fibres  resist  the 
action  of  acetic  acid  ;  they  are  in  most 
parts  short,  straight,  and  confusedly 
intersecting  each  other  in  all  directions, 
like  the  filaments  in  a  piece  of  felt  ;  in 
such  parts  the  mati'ix  has  a  rough  in- 
distinctly granular  look.  Here  and  there 
the  fibres  are  longer  and  more  fascicu- 
Fig.  XLII.— Section  op  the  Epi-  lated,  but  still  interlace  at  short  distances. 
GLOTTIS,  MAGNIFIED  SSOdiaiieteks  In  thiu  sections  the  cells  readily  drop 
(Dr.  Baly).  ^^^j.  fj-Q^^         matrix,  leaving  empty  the 

cavities  wMch  they  occupied. 

In  the  foetus  the  matrix  of  elastic  cartilage  is  at  first  homogeneous  and  hyaline, 
and  the  elastic  fibres  are  then  produced  in  it,  quite  independently  of  the  cells,  and  in 
the  same  way  as  in  the  intercellular  substance  of  growing  elastic  ligaments. 


FIBRO-CAKTILAGE. 

This  is  a  substance  consisting  of  a  mixture  of  the  fibrous  and  cartilaginous 
tissues,  and  so  far  partaking  of  the  qualities  of  both.  Like  hyaline  car- 
tilage, it  possesses  firmness  and  elasticity,  but  these  properties  are  united 
with  a  much  greater  degree  of  flexibility  and  toughness.  It  presents  itself 
under  various  forms,  which  may  be  enumerated  under  the  following  heads : — 

1.  Inter-articular  fibro-cartilages.  These  are  interposed  between  the 
moving  surfaces  of  bones,  or  rather  of  articular  cartilages,  in  several  of  the 
joints.  They  serve  to  maintain  the  apposition  of  the  opposed  surfaces  in 
their  various  motions,  to  give  ease  to  the  gliding  movement,  and  to 
moderate  the  effects  of  great  pressure.  In  the  joint  of  the  lower  jaw  and 
in  that  of  the  clavicle  they  have  the  form  of  round  or  oval  plates,  growing 
thinner  towards  their  centre  ;  in  the  knee-joint  they  are  curved  in  form  of  a 
sickle,  and  thinned  away  towards  their  concave  free  edge.  In  all  cases 
their  surfaces  are  free,  while  they  are  fixed  by  sjmovial  or  fibrous  membrane 

■  at  their  circumference  or  extremities.  The  synovial  membrane  of  the  joint, 
or  at  least  its  epithelial  coat,  is  prolonged  for  a  short  distance  upon  these 
fibro-cartilages,  from  their  attached  margin. 

2.  The  articular  cavities  of  bones  are  sometimes  deepened  and  extended 
by  means  of  a  rim  or  border  of  fibro-cartilage.  A  good  example  of  one  of 
these  circumferential  or  onarginal  fibro-cartilages  is  seen  in  the  hip-joint, 
attached  round  the  lip  of  the  cotyloid  cavity. 

3.  Connecting  fibro-cartilages  are  such  as  pass  between  the  adjacent 
surfaces  of  bones  in  joints  which  do  not  admit  of  gliding  motion,  as  at  the 
symphysis  of  the  pubes  and  between  the  bodies  of  the  vertebra.  They 
have  the  general  form  of  disks,  and  are  composed  of  concentric  rings  of 
fibrous  tissue  with  cartilage  interposed  j  the  former  predominating  at  the 
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circumferouce,  the  latter  iucreasing  towards  the  centre.  The  bony  surfaces 
betweeu  which  they  pass  are  usually  eucrusted  with  true  cartilage.  The 
modifications  which  they  present  in  particular  instances  are  described  in  the 
special  anatomy  of  the  joints. 

4.  Tho  bony  grooves  in  which  tendons  of  muscles  glide  are  lined  with  a 
thin  layer  of  fibro- cartilage.  Small  nodules  of  this  tissue  {sesamoid  Jihro- 
cartilaffes)  may  also  be  developed  in  the  substance  of  tendons,  of  which 
there  is  an  example  in  the  tendon  of  the  tibialis  posticus,  where  it  passes 
beneath  the  head  of  the  astragidus.  Lastly,  fibro-cartilage  is  sometimes 
connected  with  muscular  tissue,  and  gives  attachment  to  muscular  fibres, 
like  that  which  is  known  to  exist  at  the  orifices  of  the  heart. 

Fibro-cartilage  ajspears  under  the  microscope  to  be  made  up  of  bundles  of 
fibres,  like  those  of  ordinary  ligament,  with  cartilage-cells  intermixed  ;  but 
the  proportion  of  the  two  elements  difi"ers  much  iu  the  different  instances 
above  enumerated.  In  general  the  fibrous  tissue  veiy  greatly  predominates, 
and  in  some  cases,  as  in  the  inter- articular  lamiuiB  of  the  knee-joint,  it 
constitutes  almost  the  entke  structure.  In  the  intervertebral  disks  the 
cartilage -corpuscles  are  abundant  towards  the  centre  of  the  mass  where  the 
cartilaginous  tissue  prevails,  and  the  substance  is  softer. 

In  chemical  composition  this  texture  agrees  most  with  ligament,  yielding 
gelatin  Avhen  boiled. 

Its  bloodvessels  are  very  few,  and,  according  to  Mr.  Toynbce,*  are 
confined  to  the  parts  that  are  fibrous.  Its  vital  changes  are  slow  ;  it  is 
subject  to  absorption,  but  much  less  readily  so  than  bone  ;  hence  it  is  no 
uncommon  thing  to  find  the  intervertebral  disks  entire  when  the  adjacent 
bodies  of  the  vertebrte  have  been  destroyed  by  disease.  It  has  not  much 
tendency  to  ossify. 

Little  is  known  concerning  the  mode  of  development  of  fibro-cartilage. 
Mr.  Toynbee  concludes  from  his  researches  that  the  cartilaginous  element  is 
relatively  more  abundant  at  early  periods. 


BONE,  OR  OSSEOUS  TISSUE. 

The  bones  are  the  principal  organs  of  support,  and  the  passive  instruments 
of  locomotion.  Connected  together  in  tho  skeleton,  they  form  a  framework 
of  hard  material,  which  affords  attachment  to  the  soft  parts,  maintains  them 
in  their  due  position,  and  shelters  such  as  are  of  delicate  structure,  giving 
stability  to  the  whole  fabx'ic,  and  preserving  its  shape  ;  and  the  different 
pieces  of  the  skeleton,  being  jointed  moveably  together,  serve  also  as  levers 
for  executing  the  movements  of  the  body. 

"While  substantially  consisting  of  hard  matter,  bones  in  the  living  body 
are  covered  with  periosteum  and  filled  with  marrow  ;  they  are  also  per- 
vaded by  vessels  for  their  nutrition. 

External  configuration. — In  their  outward  forms  the  bones  present  much 
diversity,  but  have  been  reduced  by  anatomists  to  the  following  classes  :  — 
1 .  Long  or  cylindrical,  such  as  the  chief  bones  of  the  limbs.  These  consist 
of  a  body  or  shaft,  cylindrical  or  more  frequently  anguhir  in  shape,  and  two 
ends  or  heads,  as  they  are  often  called,  which  are  usually  much  thicker  than 
the  shaft.  The  heads,  or  ends,  have  smooth  surfaces  for  articulation  with 
neighbouring  bones.    The  shaft  is  hollow  and  filled  Avith  marrow,  by  which 


*  Phil.  Trans.  1841. 


Ixxxviii 


BONE. 


sufficient  magnitude  and  strength  are  attained  witliout  undue  increase  of 
weight.  2.  Tabuhu-  or  flat  bones,  like  tlie  scapula,  the  ilium,  the  ribs,  the 
lower  jaw,  and  the  bones  forming  the  roof  and  sides  of  the  skaU.  Many  of 
these  contribute  to  form  the  walls  of  cavities.  3.  iShort  bones,  often  also 
called  round  bones,  though  most  of  them  rather  are  angular  ;  the  wrist  and 
tarsus  aflbrd  examples  of  these.  4.  Irregular  or  mixed  bones,  which  would, 
perhaps,  be  better  named  "  complex  : "  such  as  cannot  be  entirely  referred 
to  any  of  the  foregoing  classes.  These  are  mostly  situated  in  the  median 
plane,  and  have  a  complex  but  symmetrical  figure  ;  the  vertebr£B  may  be 
taken  as  instances  of  them. 

The  surfaces  of  bones  present  various  eminences,  depressions,  and  other 
marks  ;  and,  to  designate  these  in  descriptive  osteology,  certain  general 
terms  are  employed,  of  which  the  following  are  those  most  commonly  in  use. 

1.  Eminences.  To  any  prominent  elevation  juttiug  out  from  the  surface 
of  a  bone  the  term  "  process  "  or  "  apophysis  "  is  appUed.  It  often  happens 
that  such  a  process  is  originally  ossified  separately  from  the  rest  of  the  bone, 
and  remains  long  unconnected  with  the  main  body  (by  osseous  union  at 
least);  in  this  condition  it  is  named  an  "epiphysis."  In  many  bones, 
considerable  portions  at  the  extremities  or  most  prominent  parts  are 
originally  ossified  separately  as  epiphyses.  This  is  the  case  with  the 
ends  of  the  long  bones,  and  in  this  instance  the  shaft  is  named  the 
"  diaphysis." 

Processes  or  apophyses  are  further  designated  according  to  their  difi"erent 
forms.  A  slender,  sharp,  or  pointed  eminence  is  named  a  ' '  spine "  or 
"  spinous  process  a  tubercle,  on  the  other  hand,  is  a  blunt  prominence  ; 
a  "tuberosity"  (tuber)  is  broader  in  proportion  to  its  elevation,  and  has  a 
rough  uneven  surface.  The  term  "crest"  is  usually  applied  to  the 
prominent  border  of  a  bone,  or  to  an  elevation  running  some  way  along  its 
surface;  but  the  latter  is  more  commonly  denominated  a  "line"  or 
"ridge."  A  "head"  (caput,  capitulum,  or  capitellum)  is  a  rounded 
process,  supported  on  a  narrower  part  named  its  neck  (cervix).  A  * '  con- 
dyle "  has  been  defined  to  be  an  eminence  bearing  a  fiattened  articular 
surface  ;  but  this  term  has  been  very  variously  applied  by  anatomists  both 
ancient  and  modern. 

2.  Cavities  and  depressions  of  bones.  An  aperture  or  perforation  in  the 
substance  of  a  bone  is  named  a  "  foramen."  A  passage  or  perforation  often 
runs  for  some  way  in  the  bone,  and  then  it  is  termed  a  "  canal "  or 
"meatus."  On  the  other  hand,  it  may  assume  the  form  of  a  "fissure," 
and  is  named  accordingly.  A  "fossa"  is  an  open  excavation  or  depression 
on  the  surface  of  a  bone,  or  of  a  part  of  the  skeleton  formed  by  several 
bones.  A  fossa  may  form  part  of  a  joint,  and  be  adapted  to  receive  the 
prominent  part  of  a  neiglijjouring  bone  ;  it  is  then  said  to  be  "glenoid," 
when  shallow  ;  but  a  deep  excavation,  of  which  the  socket  for  the  head  of 
the  thigh-bone  is  an  example,  is  named  a  "cotyloid"  cavity.  The  meaning 
of  the  terms  "notch"  (incisura),  and  "groove,"  or  "  furrow "  (sulcus),  is 
sufficiently  plain.  "  Sinus  "  and  "  antrum  "  are  names  applied  to  certain 
large  cavities  situated  witliin  the  bones  of  the  head  and  opening  into 
the  nose. 

Physical  properties  of  bone. — Bone  has  a  white  colour,  with  a  pink  and 
slightly  bluish  tint  in  the  living  body.  Its  hardness  is  well  known,  but  it 
also  possesses  a  certain  degree  of  toughness  and  elasticity  ;  the  last  pro- 
perty is  peculiarly  well  marked  in  the  ribs.  Its  specific  gravity  is  from  1-87 
to  1  -97. 
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Chemical  Composition. — It  consists  of  au  earthy  and  an  animal  part, 
intimately  combined  together  ;  the  former  gives  hardness  and  rigidity,  the 
latter  tenacity,  to  the  osseous  tissue. 

The  earthy  part  may  be  obtained  separate  by  calcination.  When  bones 
are  burned  in  an  open  fire,  they  first  become  quite  black,  like  a  piece  of 
burnt  wood,  from  the  charring  of  their  animal  matter  ;  but  if  the  fire  be 
continued  with  free  access  of  air,  this  matter  is  entirely  consumed,  and  they 
ai-e  reduced  to  a  Avhite,  brittle,  chalk-like  substance,  still  preserving  their 
original  shape,  but  with  the  loss  of  about  a  third  of  their  weight.  The 
eai^hy  constituent,  therefore,  amounts  to  about  two-thirds  of  the  weight  of 
the  bone.  It  consists  pruicipally  of  phosphate  of  lime,  with  about  a  fifth 
part  of  carbonate  of  lime,  and  much  smaller  proportions  of  fluoride  of 
calcium,  cldoride  of  sodium,  and  magnesian  salts. 

The  animal  constituent  may  be  freed  from  the  earth,  by  steeping  a  bone 
in  diluted  hydrocldoric  acid.  By  this  process  the  salts  of  lime  are  dissolved 
out,  and  a  tough,  flexible  substance  remains,  which,  like  the  earthy  part, 
retains  the  perfect  figure  of  the  original  bone  in  its  minutest  details  ;  so 
that  the  two  are  evidently  combined  in  the  most  intimate  manner.  The 
animal  part  is  often  named  the  cartilage  of  bone,  but  improperly,  for  it 
dift'ers  entirely  from  cartilage  in  structure,  as  well  as  in  physical  properties 
and  chemical  nature.  It  is  much  softer  and  much  more  flexible,  and  by 
boding  it  is  almost  wholly  resolved  into  gelatin.  It  may  accordingly  be 
extracted  from  bones,  in  form  of  a  jelly,  by  boiling  them  for  a  considerable 
time,  especially  under  high  pressure. 

The  earthy  or  saline  matter  of  bone,  as  already  stated,  constitutes  about  two-thirds 
or  66'7  per  cent.,  and  the  animal  part  one-third,  or  33'3  per  cent. ;  but  from  observa- 
tions made  on  animals,  it  appears  that  the  proportion  of  the  several  constituents  may 
differ  somewhat  in  dififerent  individuals  of  the  same  species  under  apparently  similar 
conditions.  The  proportion  of  earthy  matter  appears  to  increase  for  some  time  after 
birth,  and  is  considerably  greater  in  adults  than  in  infants  ;  but  from  the  varying 
conditions  of  individuals  as  to  health  and  nutrition  in  after  life,  there  is  as  yet  no 
thoroughly  comparable  series  of  experiments  to  determine  whether  any  constant 
diflference  exists  in  old.  age.  Moreover,  it  is  not  clearly  established  that  the  differ- 
ences observed  depend  on  the  composition  of  the  proper  osseous  substance ;  for  the 
larger  proportion  of  animal  matter  in  infancy  may  be  due  to  the  greater  vascularity 
of  infantile  bones  and  the  difficulty  of  thoroughly  removing  the  vessels  from  their 
pores.  The  spongy  osseous  tissue,  carefully  freed  from  fat  and  adhering  membranous 
matter,  has  been  found  to  contain  rather  less  earth  than  the  compact  substance,  and 
in  accordance  with  this  result,  differences,  although  on  the  whole  insignificant,  have 
been  found  in  different  bones  of  the  skeleton,  apparently  depending  on  the  relative 
amount  of  their  compact  and  spongy  tissue.  (Reea,  Von  Bibra,  Alphonse  Milne- 
Edwards.)  Here  again  it  remains  to  be  shown  that  the  result  is  not  due  to  differences 
in  the  proportion  of  minute  pores  and  lacunae,  which  contain  soft  matter  scarcely 
separable  in  such  expei'iments. 

Subjoined  are  the  statements  of  two  analyses.  The  one,  by  Berzelius,  is  well 
known  ;  the  other,  which  nearly  agrees  with  it,  was  performed  by  Mr.  Middleton,  in 
the  laboratory  of  University  College.*  ' 

Berzelius.  Middleton. 

Animal  matter   33-30  —  33-43 

Phosphate  of  lime   61-04  —  61-11 

Carbonate  of  lime        .......    11-30         10  31 

Fluoride  of  calcium  2  00  —  1-99 

Magnesia,  wholly  or  partially  in  the  state  of  phosphate    ,  1-16  —  1-67 

Soda  and  chloride  of  sodium  1-20    1-68 

*  Philosophical  Magazine,  vol.  xxv.  p.  18. 
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Tlie  phosphate  of  lime  is  peculiar,  and  passes  in  chemistry  under  the  name  of  the 
bone-earth  phosphate."  It  is  a  tribasic  phosphate,  consisting  probably  of  8  equiva- 
lents ol  hmc  and  1  of  water,  with  3  eq.  of  phosphoric  acid.  Von  Bibra  and  A.  Milne- 
KdNvards  found  the  proportion  of  the  carbonate  of  lime  to  the  phosphate,  greater  in 
spongy  than  in  compact  tissue,  and  less  in  infantile  bones  generally  than  in  those  of 
adults.  M.-Edwards  considers  that  carbonate  is  formed  from  decomposition  of  the 
basic  phosphate  by  the  carbonic  acid  of  the  blood,  and  that  the  proportion  must 
necessarily  vary  with  the  state  of  nutrition ;  in  infancy  there  is  less  decomposition 
and  also  more  rapid  elimination  of  the  products  of  decomposition,  hence  proportion- 
ally less  carbonate  of  lime.  The  lluoride  of  calcium  is  found  in  larger  quantity  in 
fossil  than  in  recent  bones— indeed,  its  presence  in  the  latter  was  lately  denied 
altogether ;  but  since  then,  the  original  statements  of  Morichini  and  of  Berzelius, 
to  the  effect  that  it  exists  in  recent  as  well  as  fossil  bones,  have  been  satisfactorily 
confirmed. 

Structure. — On  sawing  up  a  bone,  it  will  be  seen  that  it  is  in  some  parts 
dense  and  close  in  texture,  appearing  like  ivory  ;  in  others  open  and 
reticular  :  and  anatomists  accordingly  distinguish  two  forms  of  osseous 
tissue,  viz.,  the  compact,  and  the  spongy  or  cancellated.  On  closer  ex- 
{imination,  however,  especially  with  the  aid  of  a  magnifying  glass,  it  will  be 
found  that  the  bony  matter  is  everywhere  porous  in  a  greater  or  less  degree, 
and  that  the  difference  between  the  two  varieties  of  tissue  depends  on  the 
different  amount  of  solid  matter  compared  with  the  size  and  number  of  the 
open  spaces  in  each  ;  the  cavities  being  very  small  in  the  compact  parts  of 
the  bone,  with  much  dense  matter  between  them  ;  wliilst  in  the  cancellated 
texture  the  spaces  are  lai"ge,  and  the  intervening  bony  partitio'us  thin  and 
slender.  There  is,  accordingly,  no  abrupt  limit  between  the  two, — they 
pass  into  one  another  by  degrees,  the  cavities  of  the  compact  tissue  widening 
out,  and  the  reticulations  of  the  cancellated  becoming  closer  as  they  approach 
the  parts  where  the  transition  takes  place. 

In  all  bones,  the  part  next  the  surface  consists  of  compact  substance, 
which  forms  an  outer  shell  or  crust,  whilst  the  spongy  texture  is  contained 
within.  In  a  long  bone,  the  large  round  ends  are  made  up  of  spongy  tissue, 
with  only  a  thin  coating  of  compact  substance  ;  in  the  hollow  shaft,  on  the 
other  hand,  the  spongy  texture  is  scanty,  and  the  sides  are  chiefly  formed 
of  compact  bone,  which  increases  in  thickness  fi'om  the  extremities  towards 
the  middle,  at  which  point  the  girth  of  the  bone  is  least,  and  the  strain  on  it 
greatest.  In  tabular  bones,  such  as  those  of  the  skull,  the  compact  tissue 
forms  two  plates,  or  tables  as  they  are  called,  inclosing  between  them  the 
spongy  texture,  which  in  such  bones  is  usually  named  diploe.  The  short 
bones,  like  the  ends  of  the  long,  are  spongy  throughout,  save  at  their  sur- 
face, where  there  is  a  thin  crust  of  compact  substance.  In  the  complex  or 
mixed  bones,  the  two  substances  have  the  same  general  relation  to  each 
other  ;  but  the  relative  amount  of  each  in  different  parts,  as  well  as  their 
special  arrangement  in  particular  instances,  is  very  various. 

On  close  inspection,  the  cancellated  texture  is  seen  to  be  formed  of  slender 
bars  or  spicula  of  bone  and  thin  lamellfe,  which  meet  together  and  join 
in  a  reticular  manner,  producing  an  open  structui-e  which  has  been  com- 
pared to  lattice-work  {cancelli),  and  hence  the  name  usually  applied  to  it. 
In  this  way  considerable  strength  is  attained  without  undue  weight,  and  it 
may  usually  be  observed  that  the  strongest  laminjB  run  through  the  struc- 
ture in  those  directions  in  which  the  bone  has  naturally  to  sustain  the 
greatest  pressure.     The  open  spaces  or  areolae  of  the  bony  network  com- 
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Fig.  XLIII.— A,  Transverse  Seotion  of  a  Bone  (ulna)  deprited  op  its  earth  bt 

ACIB. 

The  openings  of  the  Haversian  canals  seen.  Natural  size.  A  small  portion  is  shaded 
to  indicate  the  part  magnified  in  Fig.  B. 

B,  Part  op  the  Section  A,  maonifikd  20  diameters. 
The  lines  indicating  the  concentric  lamellae  are  seen,  and  among  them  the  corpuscles  or 
Jacunse  appear  as  little  dark  specks. 

The  compact  tissue  is  also  full  of  holes  ;  these,  which  are  very  small,  are 
best  seen  by  breaking  across  the  shaft  of  a  long  bone  near  its  middle,  and 
examining  it  with  a  common  magnifying  glass.  Numerous  little  round 
apertures  (fig.  XLiii.  a)  may  then  be  seen  on  the  broken  surface,  which  are  the 
openings  of  short  longitudinal  passages  running  in  the  compact  substance, 
and  named  the  Haversian  canals,  after  Clopton  Havers,  an  English  physi- 
cian and  writer  of  the  seventeenth  century,  who  more  especially  called 
attention  to  them.  Bloodvessels  run  in  these  canals,  and  the  widest  of 
them  also  contain  marrow.  They  are  from  -j-J^yth  to  -o^jyth  of  an  inch  in 
diameter  :  I  have  measured  some  which  were  no  more  than  —  J^^th,  but 
these  aro  rare  ;  the  medium  size  is  about  -g-^^th.  The  widest  are  those 
nearest  the  medullary  cavity,  and  they  are  much  smaller  towards  the  cir- 
cumference of  the  bone.  They  are  quite  short,  as  may  be  seen  in  a  longi- 
tudinal section,  and  somewhat  crooked  or  oblique  at  their  ends,  where  they 
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freely  open  into  one  another,  tlieir  oblique  communications  conuectina  tliem 
both  longitudinally  and  laterally.  Those  also  which  are  next  the  circum- 
foreuce  of  the  bone,  open  by  minute  pores  on  its  external  surface,  aud  the 
innermost  ones  open  widely  into  the  meduUary  cavity  ;  so  that  these  short 
chanuels  collectively  form  a  sort  of  irregular  network  of  tubes  running 
through  the  compact  tissue,  in  which  the  vessels  of  that  tissue  are  lodged, 
and  through  the  medium  of  which  these  vessels  communicate  together,  not 
only  along  the  length  of  the  bone,  but  from  its  surface  to  the  interior, 
tlu-ough  the  thickness  of  the  shaft.  The  canals  of  the  compact  tissue  in 
the  other  classes  of  bones  have  the  same  general  characters,  and  for  the 
most  part  run  parallel  to  the  surface. 

On  viewing  a  thin  transverse  section  of  a  long  bone  with  a  microscope 
of  moderate  power,  especially  after  the  earthy  part  has  been  removed  by 
acid  (fig.  XLiii.  b),  the  opening  of  each  Haversian  canal  appears  to  be  sur- 
rounded by  a  series  of  concentric  rings.  This  appearance  is  occasioned  by 
the  transverse  sections  of  concentric  lameUse  which  surround  the  canals. 
The  rings  are  not  all  complete,  for  here  and  there  one  may  be  seen  ending 
between  two  others.  In  some  of  the  sets  the  rings  are  nearly  circular,  in 
others  oval, — difi"erences  which  seem  mostly  to  depend  on  the  direction  in 
wliich  the  canal  happens  to  be  cut  :  the  aperture,  too,  may  be  in  the  centre, 
or  more  or  less  to  one  side,  and  in  the  latter  case  the  rings  are  usually 
narrower  aud  closer  together  on  the  side  towards  which  the  aperture  deviates. 
-Again,  some  of  the  apertures  are  much  lengthened  or  angular  in  shape,  and 
the  lamellae  surrounding  them  have  a  corresponding  disposition.  Besides 
the  lamellse  surrounding  the  Haversian  canals,  there  are  others  disposed, 
conformably  with  the  circumference  of  the  bone  (fig.  XLni.  b,  a),  and  which 
may  therefore  be  said  to  be  concentric  with  the  medullary  canal ;  some  of 
these  are  near  the  surface  of  the  bone,  others  run  between  the  Haversian 
Bets,  by  which  they  are  interrupted  in  many  places.  Lastly,  in  various 
parts  of  the  section,  lines  are  seen  which  indicate  lamellae,  diflferiug  in 
direction  from  both  of  the  above-mentioned  orders.  As  to  the  circum- 
ferential lamince,  Messrs.  Tomes  and  De  Morgan  state  that  they  are  by  no 
means  so  common  as  is  generally  supposed  ;  further,  that  they  are  most 
conspicuous  in  bones  of  full  growth,  in  which,  consequently,  nutritive 
changes  proceed  slowly  ;  and  that  their  presence  may  be  made  the  means  of 
determining,  within  certain  limits,  the  age  at  which  a  bone  has  arrived. 
These  authors  observe,  that  in  young  and  rapidly-growing  bones  the  laminse 
are  frequently  seen  to  have  an  uudulating  direction,  which  they  consider  as 
a  sign  that  the  tissue  is  undergoing  rapid  nutritive  changes. 

The  appearance  in  a  longitudinal  section  of  the  bone  is  in  harmony  with 
the  account  above  given  :  the  sections  of  the  lamellse  are  seen  as  straight 
and  parallel  Hues,  running  in  the  lougitudiual  direction  of  the  bone,  except 
■when  the  section  happens  to  have  passed  directly  or  slantingly  across  a 
canal  ;  for  wherever  this  occurs  there  is  seen,  as  in  a  transverse  section,  a 
series  of  rings,  generally  oval  and  much  lengthened  on  account  of  the  obli- 
quity of  the  section. 

The  cancellated  texture  has  essentially  the  same  lamellar  structure.  The 
slender  bony  walls  of  its  little  cavities  or  areolaj  are  made  up  of  super- 
imposed lamellse,  like  those  of  the  Haversian  canals  (fig.  xliii.  b,  h),  only 
they  have  fewer  lamellse  in  proportion  to  the  width  of  the  cavities  which 
they  surround  ;  and,  indeed,  the  relative  amount  of  solid  matter  and  open 
fcpace  constitutes,  as  already  said,  the  only  difference  between  the  two  forms 
of  bony  tissue  ;  the  intimate  structure  of  the  solid  Bubstauce  aud  the 
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manner  of  its  disposition  round  the  cavities  being  essentially  the  same  in 
both. 

Besides  the  openings  of  Haversian  canals  as  above  described,  a  trans- 
verse section  of  the  compact  bone  now  and  then  presents  vacuities  or  spaces 
formed  by  absorption  of  the  tissue.  These  are  named  "Haversian  spaces" 
by  Tomes  and  De  Morgan,  who  first  showed  that  they  occur  not  only  in 
growing  bone  but  at  all  periods  of  life.  In  their  primitive  condition  these 
cavities  are  characterised  by  an  irregiilar  or  jagged  outline,  and  their  forma- 
tion by  absorption  is  further  indicated  by  their  encroaching  on  the  adjacent 
groups  of  concentric  lamellso,  which  have  been,  as  it  were,  eaten  away  to 
a  greater  or  less  extent  to  give  place  to  the  new  cavity.  In  another  stage 
the  spaces  in  question  are  lined  by  new  formed  lamellae,  which  may  as  yet 
be  confined  to  the  peripheral  part  of  the  vacuity,  or  may  fill  it  up  in  a 
concentric  series,  leaving  a  Haversian  aperture  in  the  middle,  and  in  fact 
constituting  a  system  of  concentric  Haversian  lamellpe,  interpolated  or 
intruded  among  those  previously  existing.  The  concentric  lamellae,  which 
thus  come  to  occupy  a  greater  or  less  extent  of  the  area  of  the  cavity,  are 
of  course  bounded  exteriorly  by  segments  of  adjoining  Haversian  lameUoe, 
which  have  been  more  or  less  cut  in  upon  in  the  excavation  of  the  space. 
It  has  been  further  observed  by  Tomes  and  De  Morgan,  that  vacuities  may 
sometimes  be  seen  which  are  being  filled  up  at  one  part  by  the  deposition 
of  lamellae,  whilst  they  are  extending  themselves  by  absorption  at  another. 
The  Haversian  spaces  are  most  numerous  in  young  and  growing  bones  ;  but, 
as  already  stated,  they  occur  also  after  growth  is  completed.  Their  origin 
and  changes  will  be  better  understood  after  the  reader  has  perused  the 

Fig,  XLI7. 


Fig.  XLIV.— Transverse  Seotion  of  Compact  Tissue  (of  nuMEnus)  magnified  about 

150  DIAMETERS. 

^r'^ulT,  of  the  Haversian  caTials  are  seen,  with  their  concentric  rings  ;  also  the  corpuscles 
or  lacuna,  with  the  canaliculi  extending  from  them  across  the  direction  of  the  lamollte. 
thPrpfJrJr'*"  ••^P^>-t;"-e8  had  got  filled  with  debris  in  grinding  down  the  section,  and 
Sed  light^''''  ^'^^^^  i-epresents  the  object  as  viewed  with  trans- 
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account  of  the  growth  and  development  of  bono,  to  which  head,  indeed,  the 
subject  more  properly  belongs,  although  it  has  seemed  expedient  to  intro- 
duce it  here. 

All  over  the  section  numerous  little  dark  specks  are  seen  among  the 
lamellae.  These  were  named  the  "  osseous  corpuscles  ;"  but  as  it  is  now 
Inown  that  they  are  in  reality  minute  cavities  existing  in  the  bony  sub- 
stance, the  name  of  "lacunae"  has  since  been  more  fittingly  applied  to 
them.  To  see  the  lacunae  properly,  however,  sections  of  unsoftened  bones 
must  be  prepared  and  gi-ound  very  thin,  and  a  magnifying  power  of  from 
200  to  300  must  be  employed.  Such  a  section,  viewed  with  transmitted 
light,  has  the  appearance  represented  in  fig.  xliv.  The  openings  of  the 
Haversian  canals  are  seen  with  their  enciixling  lamellfe,  and  among  these 
the  corpuscles  or  lacunse,  which  are  mostly  ranged  in  a  corresponding 
order,  appear  as  black  or  dark  brown  and  nearly  opaque,  oblong  spots,  with 
fine  dark  lines  extending  from  them  and  causing  them  to  look  not  unlike 
little  black  insects  ;  but  when  the  same  section  is  seen  against  a  dark 
ground,  with  the  light  falling  on  it  (as  we  usually  view  an  opaque  object), 
the  little  bodies  and  lines  appear  quite  white,  like  figures  drawn  with 
chalk  on  a  slate,  and  the  intermediate  substance,  being  transparent,  now 
appears  dark. 

The  lacunse,  as  already  stated,  are  minute  recesses  in  the  bone,  and  the 
lines  extending  from  them  are  fine  pores  or  tubes  named  "  canaliculi," 
which  issue  from  their  cavity.     They  present  some  variety  of  figure,  but  in 
such  a  section  as  that  represented  for  the  most  part  appear  irregularly 
fusiform,  and  lie  nearly  in  the  same  direction  as  the  lamellae  between 
"which  they  are  situated  ;  or,  to  speak  more  correctly,  the  little  cavities 
are  flattened  and  extended  conformably  with  the  lamellae  ;  for  when  the 
bone  is  cut  longitudinally,  their  sections  still  appear  fusiform  and  length- 
ened out  in  the  direction  of  the  lamellfe.     The  canaliculi,  on  the  other 
hanil,  pass  across  the  lamellae,  and  they  communicate  with  those  proceeding 
from  the  next  range  of  lacunae,  so  as  to  connect  the  little  cavibies  with 
each  other  ;  and  thus,  since  the  canaliculi  of  the  most  central  range  open 
into  the  Haversian  canal,  a  system  of  continuous  passages  is  established  by 
these  minute  tubes  and  their  lacunae,  along  which  fluids  may  be  conducted 
from  the  Haversian  canal  through  its  series  of  surrounding  lamellae  ;  in- 
deed it  seems  probable  that  the  chief  purpose  of  these  minute  passages  is 
to  convey  nutrient  fluid  from  the  vascular  Haversian  canals  through  the 
mass  of  hard  bone  which  lies  around  and  between  them.     In  like  manner 
the  canaliculi  open  into  the  great  medullary  canal,  and  into  the  cavities 
of  the  cancellated  texture  ;  for  in  the  thin  bony  parietes  of  these  cavities 
lacunse  are  contained  ;  they  exist,  indeed,  in  all  parts  of  the  bony  tissue. 
As  first  shown  by  Virchow,  each  lacuna  is  occupied  by  a  nucleated  cell,  or 
soft  corpuscle,  which  may  be  separated  from  the  surrounding  substance  by 
prolonged  maceration  of  decalcified  bone  in  hydrochloric  acid  or  in  solu- 
tion of  potash  or  soda  ;  and  later  observers  (Rouget,  Neumann,)  state  that 
they  are  able  to  detach  also  the  proper  osseous  wall  of  the  lacuna  and  its 
appertaining  canaliculi  after  decalcification,  and  to  obtain  it  separate  with 
its  included  corpuscle.    The  soft  corpuscle  or  cell  has  an  angular  outline 
correFpouding  to  the  shape  of  the  lacuna,  but  it  is  not  proved  that  it  sends 
branches  along  the  canaliculi,  as  Virchow  supposed,  or  that  it  has  a  mem- 
branous envelope.     Nevertheless  it  can  scarcely  be  doubted  that  the  proto- 
plasm of  the  nucleated  corpuscle  takes  an  important  share  in  the  nutritive 
process  in  bone,  and  very  probably  serves  both  to  modify  the  nutritive 
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fluid  supplied  from  the  blood  and  to  further  its  distribution  through  the 
lacunar  and  caualicular  system  of  the  bony  tissue.  Virchow  considers  that 
the  corpuscles  of  bone  are  homologous  with  those  of  connective  tissue. 

To  return  to  the  lamellae.  With  a  little  pains  thin  films  may  be  peeled 
off  in  a  longitudinal  direction  from  a  piece  of  bone  that  has  been  softened 
in  acid.  These  for  the  most  part  consist  of  several  laminae,  as  may  be 
seen  at  the  edge,  where  the  diflerent  layers  are  usually  torn  unequally,  and 
some  extend  farther  than  others.  Examined  in  this  way,  under  the  micro- 
scope, the  lamellfe  are  seen  to  be  perforated  with  fine  apertures  placed  at 
very  short  distances  apart.  These  apertures  were  described  by  Deutsch,* 
but  they  have  not  much  attracted  the  notice  of  succeeding  observers  ;  they 
appear  to  me  to  be  the  transverse  sections  of  the  canaliculi  already  de- 
scribed, and  their  relative  distance  and  position  accord  sufficiently  with 
this  explanation.  According  to  this  view,  therefore;  the  canaliculi  might 
(in  a  certain  sense)  be  conceived  to  result  from  the  apposition  of  a  series 
of  perforated  plates,  the  apertures  of  each  plate  corresponding  to  those  of 
the  plates  contiguous  with  it  ;  in  short,  they  might  be  compared  to  holes 
bored  to  some  depth  in  a  straight  or  crooked  direction  through  the  leaves 
of  a  book,  in  which  case  it  is  j^lain  that  the  perforations  of  the  adjoining 
leaves  would  correspond  ;  it  being  always  understood,  however,  that  the 
passages  thus  formed  are  bounded  by  proper  parietes.  The  apertures  now 
referred  to  must  be  distinguished  from  larger  holes  seen  in  some  lamellae 
which  give  passage  to  the  perforating  fibres  to  be  mentioned  further  on. 

But  the  lamellae  have  a  further  structure. 
To  see  this  the  thinnest  part  of  a  detached  shred 
or  film  must  be  examined,  as  shown  in  figs.  xlv. 
and  XLVii.  ;  it  will  then  appear  plainly  that  they 
are  made  up  of  transparent  fibres,  decussating 
each  other  in  form  of  an  exceedingly  fine  network. 
The  fibres  intersect  obliquely,  and  they  seem  to 
coalesce  at  the  points  of  intersection,  for  they 
cannot  be  teased  out  from  one  another  ;  but  at 
the  torn  edge  of  the  lamella  they  may  often  be 
seen  separate  for  a  little  way,  standing  out  like 
the  threads  of  a  fringe.  Most  generally  they 
are  straight,  as  represented  in  the  figure  ;  but 
they  are  not  always  so,  for  in  some  parts  they 
assume  a  curvilinear  direction.  Acetic  or  hydro- 
chloric acid  causes  these  fibres  to  swell  up  and 
become  indistinct,  like  the  white  fibres  of  con- 
nective tissue  ;  care  must  therefore  be  taken 
in  their  examination  that  the  lemains  of  the 
decalcifying  acid  be  removed  from  the  tissue,  by 
maceration  in  water  or  in  solution  of  an  alkaline 
carbonate.  Moreover,  the  fibro-reticular  struc- 
ture is  not  equally  distinct  in  all  parts  where 
its  presence  is  recognisable  ;  for  in  some  places 
It  is  less  decidedly  marked,  as  if  the  fibrillation 
were  incompletely  developed— resembling  in  this 
respect  the  areolar  and  fibrous  tissues. 

In  many  instances  the  lamellae  are  perforated  by  fibres,  or  rather  bund! 


Fig.  XLV. 


Fig.    XLV.— TniN  Layer 

PEELED  OFF  FROM  A  SOFT- 
ENED Bone,  as  it  appears 

UNDER  A  MAGNIFYINO 
POWER  OF  40Q. 

This  figure,  which  is  in- 
tended to  represent  the  reti- 
cular structure  of  a  lamella, 
gives  a  better  idea  of  the 
object  wlien  held  rather 
farther  off  than  usual  from 
the  eye. 


Penitiori  Ossium  Structura.    Wratisl.  1834,  p.  17,  Fig.  6. 
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of  fibres,  wliicli  pass  through  them  in  a  perpendicular,  or  more  or  less 
oblique  direction,  and,  as  it  were,  bolt  them  together.  These  perforating 
fibres  may  be  seen,  with  the  aid  of  the  microscope,  in  a  thin  transverse  slice 
of  a  decalcified  cylindrical  or  cranial  bone,  on  pulling  asunder  the  sections 
of  the  lamelliE  (as  in  fig.  xlvi.).  Tn  tliis  way  some  lamellae  will  generally 
be  observed  with  fibrous  processes  attached  to  them  (fig.  xlvi.  h)  of  various 
lengths,  and  usually  tapering  and  pointed  at  their  free  extremities,  but 
sometimes  truncated — probably  from  having  come  in  the  way  of  the  knife. 
These  fibres  have  obviously  been  drawn  out  from  the  adjacent  lamellise, 
through  several  of  which  they  must  have  penetrated.  Sometimes,  indeed, 
indications  of  perforations  may  be  recognised  in  the  part  of  the  section  of 
bone  from  which  the  fibres  have  been  pulled  out  (fig.  xlvi.  c).  The  pro- 
cesses in  question  are  thus,  so  to  speak,  viewed  in  profile  ;  but  they  may 
frequently  also  be  seen  on  the  flat  surface  of  detached  lamellsfs,  projecting 
like  nails  driven  perpendicularly  or  slantingly  through  a  board  (fig.  xlvix.  a); 
whilst  the  lamellae  at  other  parts  present  obvious  apertures  of  considerable 
size,  through  which  the  perforating  fibres  had  passed  (fig.  xlvii.  b,  b). 

Fig.  XLVI. 


Fig.  XLVI.— Magnified  View  of  a  Perpendioulak  Section  through  the  External 
Table  of  a  Human  Parietal  Bone,  decalcified. 
At  a  perforating  fibres  in  their  natural  situation  ;  at  b,  others  drawn  out  by  separa- 
tion of 'the  lamellse  ;  at  c,  the  holes  or  sockets  out  of  which  they  have  been  drawn  (H. 
Miiller). 

These  perforating  fibres,  since  first  noticed  by  me,  have  been  shown  by  Kblliker  to 
exi«t  very  generally  in  the  bones  of  fishes,  and  to  a  certain  extent  m  those  of 
amphibia.  *  I  had  myself  found  them  abundant  in  the  turtle,  and  had  no  doubt  of  their 
Tneral  existence  in  vertebrata.  The  late  lamented  Henry  MuUer,  of  WUrzburg  has 
supplied  many  details  respecting  their  arrangement  in  man  and  mammalia.f  Kolhker 
considers  them  to  be  connected  with  the  periosteum,  and  this,  no  doubt,  is  the  case 
3  some  of  them -some  of  those,  for  example,  which  penetrate  the  externa  table  of 
The  cranial  bones  ;  but  in  cross  sections  of  cylindrical  bones  they  often  appear  to  spring, 
with  their  broad  ends,  from  the  deeper  lamellae,  and  taper  outwards  anto  fine  points, 
wMch  do  not  reach  the  periosteum  ;  although  without  doubt  they  must,  like  the  bony 
llyers  in  which  they  occur,  have  been  formed  by  subperiosteal  ossification.  They  are 
*  Wiirzburger  Naturw.  Zeitschr.  vol.  i.  p.  306.  t  Ibid.,  vol.  i.  p.  296. 
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rarely  found,  and  when  present  are  smaller,  in  the  concentric  systems  of  Haversian 
lamcliaj;  in  this  case  they  must  of  course  have  been  formed  from  the  vascular  tissue 
(similar 'in  nature  to  that  under  the  periosteum)  which  occupied  the  Haversiaa 
spaces  and  produced  the  concentric  lamina}.  Perforating  fibres  exist  abundantly  in 
the  crwsta  petros  i  of  the  teeth. 

Fig.  XLVII. 


^^^^ 


Fig.  XLVII. —Lamella  torn  off  prom  a  Deoaloified  Human  Parietal  Bone  at 

SOME  DEPTH  FROM  THE  SURFACE. 

a,  a  lamella,  showing  reticular  fibres  ;  b,  h,  darker  part,  where  several  lamellis  are  super- 
posed ;  c,  c,  perforating  fibres.  Apertures  through  which  perforating  fibres  had  passed, 
are  seen  especially  in  the  lower  part,  a,  a,  of  tlie  figure.  Magnitude  as  seen  under  a 
power  of  200,  but  not  drawn  to  a  scale  (from  a  drawing  by  Dr.  Allen  Thomson). 


The  perforating  fibres,  or  rather  bundles  of  fibres,  for  the  most  part  agree  in 
character  with  the  white  fibrous  tissue,  but  some,  according  to  H.  Miiller,  are  of 
the  nature  of  elastic  tissue.  H.  Miiller  has  shown  that  in  some  parts  the  fibres 
escape  calcification,  and  thus,  as  they  shrink  in  drying,  leave  tubes  or  channels 
in  the  dry  bone,  generally  leading  from  the  surface  inwardly.  In  this  way  he 
explains  the  nature  and  mode  of  production  of  the  "tubes"  described  by  Tomes  and 
De  Morgan  as  penetrating  the  bone  in  certain  situations,  and  conjectured  by  them 
to  be  modified  lacunae.*  I  at  one  time  believed  that  these  tubes  had  no  relation  to 
the  perforating  fibres,  but  I  have  no  doubt  of  the  correctness  of  Miiller's  explanation  ; 
at  the  same  time  I  am  satisfied  that  uncalcified  fibres,  though  numerous  at  particular 
spots,  are  by  no  means  so  frequent  as  might  be  inferred  from  Miiller's  account  of 
them,  and  that  the  perforating  fibres  may  be  said  to  be  generally  calcified.  Finally, 
these  fibres  seem  to  have  no  physiological  significance :  they  may  be  regarded  as 
merely  a  modification  of  the  mechanical  structure  of  the  tissue. 

In  a  thin  transverse  section  of  hard  bone,  the  curved  lines,  or  rather  bands  which 
represent  the  cut  edges  of  the  lamellae,  generally  present,  with  transmitted  light,  a  dark, 
granular-like,  and  a  light,  transparent,  and  usually  narrower  zone.  Under  a  higli 
power  of  the  microscope  the  former  appears  thickly  dotted  over  with  fine  dark  points. 
In  a  decalcified  section  the  dark  part  shows  a  multitude  of  short  bright  lines  runnin..^ 
radially  across  it,  with  dark  angular  particles  between  them.  The  lines  are  probably 
caused  by  pores  and  fine  clefts  passing  through  the  lamella ;  the  appearance  of  dark 
p:irticle3  seems  J,o  me  to  be  produced  by  the  cut  ends  of  the  reticulating  fibres  ol 
which  it  is  made  up.    A  longitudinal  section  of  a  cylindrical  bone  carried  across  the 


*  Phil.  Trans.  1853,  p  116. 
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laraellea  presents  a  corresponding  appearance,  for  as  the  fibres  run  more  or  less 
obliquely  to  the  axis  of  the  bone,  they  present  cut  ends  in  a  longitudinal  section  also. 

It  thus  appears  that  the  animal  basis  of  bone  is  made  up  of  lamellaj  com- 
posed of  fine  reticular  fibres  ;  but  interposed  among  these  lameUjB,  layers  are 
here  and  there  met  with  of  a  diflfereut  character,  viz.  :— 

1.  Strata  of  amorphous  or  granular  aspect,  in  which  the  lacunae  are  very 
conspicuous  and  regularly  arranged,  and  sometimes  appearing  as  if  sur- 
rounded by  faintly-defined  areolte.  These  generally  incomplete  layers  often 
terruinate  by  a  scolloped  border  as  if  made  up  of  confluent  round  or  oval 
bodies  ;  this  is  indicated  also  by  the  occasional  occurrence  of  oval  or  flattened 
spheroidal  bodies  singly  or  in  small  groups  near  the  border  of  these 
layers,  each  with  a  cavity,  apparently  a  lacuna,  in  the  centre.  In  fact,  if 
the  round  bodies  shown  in  figure  xiviii.  had  a  central  vacuity,  they  would 
very  well  represent  the  objects  here  referred  to.  In  some  parts  the  granular 
substance  is  obscurely  fibrous,  and  transitions  may  be  observed  to  the 
well-marked  reticular  laminae.  The  layers  described  principally  occur,  so 
far  as  I  have  been  able  to  observe,  near  the  surface  of  the  compact 
tissue,  and  at  the  circumference  of  many  of  the  systems  of  concentric  Haver- 
sian lamellte. 

2.  Irregular  layers  of  rounded  bodies,  apparently  solid  and  without  central 
cavity  or  mark,  well  represented  in  figure  xlviii.,  which  is  after  a  drawing 
from  nature  by  Dr.  A.  Thomson.  I  have  hitherto  met  with  these  layers 
chiefly  near  the  surface  of  the  shaft  of  long  bones,  lying  among  the  circum- 
ferential laminae,  and,  so  far  as  I  can  observe,  forming  only  part  of  a 
circuit.  They  can  occasionally  be  recognised  in  a  transverse  section  as 
short  curvilinear  bands  of  peculiar  aspect,  broader  in  the  middle  and  thinning 
away  at  the  ends,  appearing  here  and  there  between  the  cut  edges  of  two 
ordinary  circumferential  laminae. 

The  appearances  described  under  1  and  2,  and  especially  the  last,  as  represented  in 
fig.  XLVIII.,  suggest  the  notion  of  irregular  layers  of  spheroidal  bodies,  some  single, 
but  mostly  confluent  in  groups,  adherent  to  the  subjacent  surface;  and  one  is  especially 
tempted  to  this  belief  by  the  account  given  by  Gegenbaur  *  of  the  deposition  of  osseous 
matter  in  growing  bone  at  certain  points  in  the  form  of  oval  or  spheroidal  globules, 
which  in  size  and  aspect  would  sufficiently  answer  to  the  objects  above  described. 
Nevertheless  I  incline  rather  to  the  explanation  offered  by  Professor  C.  Loven,  of 
Stockholm,  to  whom  I  showed  the  figure  and  specimens ;  viz.,  that  the  surface  covered 
apparently  with  globular  bodies,  single  or  in  botryoidal  groups,  is  really  a  cast  in 
relief  from  a  contiguous  surface  of  bone  that  has  been  excavated  by  absorption.  It 
is  known  that  in  the  growth  of  a  bone  absorption  occurs  at  various  parts,  and  is  often 
followed  by  fresh  ossific  deposition ;  as,  for  example,  in  the  excavation  and  subsequent 
filling  up  of  the  Haversian  spaces.  The  absorption  in  such  cases  is  a  healthy  process, 
but  the  absorbed  surface  is,  as  in  absorption  from  disease,  eroded  or  scooped  out  into 
sinuous  hollows,  the  larger  of  which  are  again  carved  on  the  inside  into  smaller 
rounded  pits.  New  osseous  matter  deposited  on  such  a  surface  fills  up  its  hollows,  and 
when  the  new  layer  is  detached,  it  exhibits  a  raised  impression  corresponding  with 
them.t  • 

*  Jenaische  Zeitschrift  fiir  Medizin  und  Naturwissenschaft .    Vol.  1.  p.  353. 

+  Two  observations  which  I  have  had  occasion  to  make  favour  this  explanation.  A 
cross  section  of  a  (large)  serpent's  rib  shows  an  outer  and  an  inner  series  of  concentric 
lamellae  surrounding  the  medullary  canal,  and  the  inner  trenches  on  the  outer  by  a  festooned 
border  such  as  often  bounds  a  series  of  Haversian  rings.  Now,  in  the  decalcified  rib,  it  is 
easy  to  peel  off  the  inner  from  the  outer  layers,  and  the  detached  surface  of  the  former 
shows  a  number  of  oval  eminences,  some  with  one,  others  with  two,  three,  or  more  lacunas 
in  their  substance  ;  whilst  what  was  the  contiguous  surface  of  the  outer  layers  has  exca- 
vations that  correspond.    Again,  in  the  grinding  tooth  of  the  horse,  the  surface  of  the 
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Ossified  cartilage  is  found  on  the  articular  ends  of  adult  bones,  lying 
underneath  the  natural  cartilage  of  the  joint,  both  in  the  moveable  articu- 

Fig.  XLVIII. 


Fig.  XLYin. — PonTioN  OF  A  Nodulated  Latek  op  Bone-Tissue  from  near  the 

BUKFAOE  OF  THE  ShAFT  OP  A  DeOALOIFIED  HUMERUS. 

At  one  side  shreds  of  fibrous  lamellae  are  seen  in  the  figure.    Magnified  300 

diameters. 

lations  and  in  Bymphyses,  and  is  in  fact  the  deeper  part  of  the  cartilage 
which  has  been  encroached  upon  by  the  calcifying  process.  The  animal 
basis  is  here,  however,  of  a  totally  different  nature  from  that  of  the  bone 

cmsta  petrosa  ■which  is  contiguous  to  the  dentine  or  to  the  enamel,  is  marked  over  -with 
spheroidal  bodies  having,  in  decalcified  specimens,  very  much  the  appearance  represented 
in  Fig.  XLVIII.,  but  most  of  them  with  one  or  more  lacuna-like  cavities  within.  They 
look  very  like  distinct  globules,  and  have  been  described  by  Czermak  as  calcified  cells 
containing  lacuna) ;  but  on  carefully  viewing  the  decalcified  layer  in  profile-sections  and 
otherwise,  I  am  led  to  the  conclusion  that  they  are  mamiuillary  elevations  of  the  .•surface, 
continuous  by  their  (sometimes  contracted)  bases  with  the  general  substance.  The  enamel 
is  destroyed  in  the  decalcification,  but  the  surface  of  the  dentine  of  the  cervix  and  root 
from  which  the  mammillated  layer  of  crusta  petrosa  has  been  detached,  is  found  to  be 
excavated  in  a  manner  to  correspond  with  it ;  an  arrangement  well  calculated  to  secure 
their  mutual  connection 
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beneath  ;  for,  when  the  earthy  matter  is  extracted  by  means  of  an  acid,  the 
tissue  which  remains  has  all  the  characters  of  cartilage. 

As  to  the  mode  in  which  the  earthy  matter  is  connected  with  the  animal 
substance,  we  know  that  the  combination  is  very  intimate,  but  the  manner 
in  which  It  IS  effected  is  not  fully  understood  ;  probably  there  is  a  chemical 
union  between  the  collagenous  matter  and  the  earthy  salts. 

The  2')eriosteum,  as  already  stated,  is  a  fibrous  membrane  which  covers 
the  bones  externally.  It  adheres  to  them  very  firmly,  and  invests  every 
part  of  their  surface,  except  whore  they  are  covered  with  cartilage  or  con- 
nected to  other  bones  by  fibro-cartilage.  According  to  Kolliker  it  is  com- 
posed of  two  different  layers  ;  the  outer,  consisting  of  white  fibres,  and 
containing  occasional  fat- cells,  is  the  means  of  supporting  numerous  blood- 
vessels destined  for  the  bone,  which  ramify  in  the  membrane,  and  at  length 
send  their  minute  branches  into  the  Haversian  canals  of  the  compact  sub- 
stance, accompanied  by  processes  of  filamentous  tissue  derived  from,  or  at 
least  continuous  with,  the  periosteum.  The  inner  layer  is  made  up  of 
elastic  fibres  ;  and  frequently  presents  the  appearance  of  several  distinct 
strata  of  "  elastic  membrane. "  Fine  nervous  filaments  spread  out  in  the 
periosteum  ;  they  are  chiefly  associated  with  the  arteries,  and  for  the  most 
part  destined  for  the  subjacent  bone  ;  but  some  are  for  the  membrane 
itself. 


The  chief  use  of  this  membrane  is  evidently  to  support  the  vessels  going  to  the 
bone,  and  afford  them  a  bed  in  which  they  may  subdivide  into  fine  branches,  and  so 
enter  the  dense  tissue  at  numerous  points.  Hence,  when  the  periosteum  is  stripped 
off  at  any  part,  there  is  great  risk  that  the  denuded  portion  of  the  bone  will  die  and 
exfoliate.  The  periosteum  also  contributes  to  give  firmer  hold  to  the  tendons  and 
ligaments  where  they  are  fixed  to  bones  ;  indeed,  these  fibrous  structures  become  con- 
tinuous and  incorporated  with  it  at  their  attachment. 

The  marrow  (medulla  ossium)  is  lodged  in  the  interior  of  the  bones  ;  it 
fills  up  the  hollow  shaft  of  long  bones  and  occupies  the  cavities  of  the 
cancellated  structure  ;  it  extends  also  into  the  Haversian  canals — at  least 
into  the  larger  ones — along  with  th3  vessels.  Like  ordinary  adipose  tissue, 
it  consists  of  vesicles  containing  fat,  with  blood-vessels  distributed  to  them. 
A  fine  layer  of  a  highly  vascular  areolar  tissue  lines  the  medullary  canal,  as 
well  as  the  smaller  cavities  which  contain  marrow  ;  this  has  been  named  the 
medullary  membrane,  internal  periosteum,  or  eniosteum  ;  but  it  cannot  be 
detached  as  a  continuous  membrane.  Its  vessels  partly  supply  the  con- 
tiguous osseous  substance,  and  partly  proceed  to  the  clusters  of  adipose 
vesicles,  among  which  there  is  but  very  little  connective  tissue,  in  conse- 
quence perhaps  of  their  being  contained  and  supported  by  bone. 

The  marrow  differs  considerably  in  different  situations.  Within  the  shaft  of  the 
long  bones  it  is  of  a  yellow  colour,  and  contains,  in  100  parts,  96  of  fat,  1  of  con- 
nective tissue,  and  3  of  water.  In  short  bones,  and  in  the  cancellated  ends  of  long 
bones,  but  especially  in  the  cranial  diploe,  the  bodies  of  the  vertebraa,  the  sternum, 
and  the  ribs,  it  is  red  or  reddish  in  colour,  of  more  fluid  consistence,  and  with  very 
few  fat  cells.  That  from  the  diploe  consists  of  75  parts  of  water  and  25  of  solid 
ma'ters,  which  are  chiefly  albumen,  fibrin,  extractive  and  salts,  with  mere  traces  of 
fat.  While,  however,  the  fat  cells  are  scanty  in  the  red-coloured  marrow,  it  contains 
minute,  roundish  nucleated  cells— the  proper  marrow-cells  of  Kolliker.  These,  which 
include  no  fat,  correspond  in  character  with  the  cells  found  in  the  articular  ends  of 
long  bones  affected  with  hypereemia ;  they  occur  normally  in  the  cranial  bones,  vcr- 
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tebrte,  and  steinum,  and  in  variable  number  in  the  scapula,  tlie  innominate,  and 
facial  bones. 

The  marrow  serves  the  same  general  purposes  in  the  economy  as  ordmary  lat. 
Placed  within  the  bones,  which  are  made  hollow  for  the  sake  of  lightness,  it  serves  as 
a  light  and  soft  material  to  fill  up  their  cavil ies  and  support  their  vessels.  In  birds, 
for  the  sake  of  still  further  lightening  their  skeleton,  the.  larger  bones,  instead  of 
being  filled  with  marrow,  contain  air,  which  passes  into  them  from  the  lungs  by 
openings  at  their  extremities.  Even  in  man  there  are  certain  hollow  bones  of  the 
cranium  and  face  which  are  naturally  filled  with  air.  The  cavities  of  these  bones  are 
named  sinuses ;  they  open  into  the  adjoining  air-passages,  and  are  lined  with  a  pro- 
longation of  the  mucous  membrane,  underneath  which  is  a  thin  periosteum. 

The  bones  do  not  at  first  contain  fatty  marrow ;  in  the  foetus  their  cavities  are 
filled  with  a  transparent  reddish  fluid,  like  bloody  serum,  only  more  consistent  and 
tenacious,  with  granular  marrow  cells.  In  dropsical  subjects  also,  the  marrow,  like 
the  rest  of  the  fat,  is  consumed  to  a  greater  or  less  extent,  its  place  being  occupied  by 
a  serous  fluid. 


Blood-vessels, — The  bones  are  well  supplied  with  blood-vessels.  A  net- 
work of  periosteal  vessels  covers  their  outward  surface,  others  penetrate  to 
the  cavities  of  the  spongy  part  and  the  medullary  canal,  on  the  sides  of 
which  they  ramify,  and  fine  vessels,  deprived  of  their  muscular  coat,  run 
through  all  parts  of  the  compact  tissue  in  the  Haversian  canals.  The  sides 
of  these  internal  cavities  and  canals  make  up  together  a  large  extent  of 
inward  surface  on  which  vessels  are  spread.  The  nutritious  fluid  conveyed 
by  these  vessels  no  doubt  escapes  through  their  coats  and  permeates  the 
surrounding  dense  bone  interposed  between  the  vascular  canals  ;  and  it 
seems  highly  probable  that  the  system  of  lactmfe  and  communicating  canali- 
culi,  already  described,  is  a  provision  for  conducting  the  exuded  fluid 
through  the  hard  mass.  When  a  bone  is  macerated,  its  vessels  and  mem- 
branes are  destroyed,  whilst  the  intennediate  true  bony  matter,  being  of  an 
incorruptible  and  persistent  nature,  remains  ;  a  process  which,  for  obvious 
reasons,  cannot  be  effected  with  the  soft  tissues  of  the  body. 

The  vessels  of  bone  may  be  recognised  while  it  is  yet  fresh  by  the  colour 
of  the  blood  contained  in  them  ;  but  they  are  rendered  much  more  con- 
spicuous by  injecting  a  lim.b  with  size  and  vermilion,  depriving  the  bones 
of  their  earth  by  means  of  an  acid,  and  then  drying  them  and  putting  them 
into  oil  of  turpentine,  by  which  process  the  osseous  tissue  is  rendered  trans- 
parent whilst  the  injected  matter  in  the  vessels  retains  its  red  colour  and 
opacity.  Numberless  small  vessels  derived  from  the  periosteum,  as  already 
mentioned,  pass  along  the  Haversian  canals  in  the  compact  substance. 
These  are  both  arterial  and  venous,  but,  according  to  Todd  and  Bowman, 
the  two  kinds  of  vessels  occupy  distinct  passages  ;  and  the  veins,  which  are 
the  larger,  present,  at  irregular  intervals,  pouch  like  dilatations  calculated 
to  serve  as  reservoirs  for  the  blood,  and  to  delay  its  escape  from  the  tissue. 
Arteries,  of  larger  size  but  fewer  in  number,  proceed  to  the  cancellated 
texture.  In  the  long  bones  numerous  apertures  may  be  seen  at  the  ends, 
near  the  articular  surfaces  ;  some  of  these  give  passage  to  the  arteries 
referred  to,  but  the  greater  number,  as  well  as  the  larger  of  them,  are  for 
the  veins  of  the  cancellated  texture,  which  run  separately  from  the  arteries. 
Lastly,  a  considerable  artery  goes  to  the  marrow  in  the  central  part  of  the 
bone  ;  in  the  long  bones  this  medullary  artery,  often,  but  improperly,  called 
"the  nutritious  artery,"  passes  into  the  medullary  canal,  near  the  middle  of 
the  shaft,  by  a  hole  running  obliquely  through  the  compact  substance.  Tho 
vessel,  which  is  accompanied  by  one  or  two  veins,  then  sends  branches 
upwards  and  downwards  to  the  marrow  and  medullary  membrane  in  tho 
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notice.  They  are  large  aud  numerous,  and  rua  separately  from  the  arteries. 
Iheir  arrangement  is  best  known  in  the  bones  of  the  skull,  where,  being 
lodged  in  the  diploe  or  spongy  texture  between  the  outer  and  inner  compact 
tables,  they  have  received  the  name  of  the  diploic  veins.  They  run  in 
canals  formed  in  the  cancellated  structure,  the  sides  of  which  are  con- 
structed of  a  thin  lamella  of  boue,  perforated  here  and  there  for  the  admis- 
sion of  branches  from  among  the  adjoining  cancelli.  The  veins,  being  thus 
inclosed  and  supported  by  the  hard  structure,  have  exceedingly  thin  coats. 
They  issue  from  the  bone  by  special  apertures  of  large  size.  A  similar 
arrangement  is  seen  in  the  bodies  of  the  vertebra,  from  whence  the  veins 
come  out  by  large  openings  on  the  posterior  surface. 

The  lymphatics  of  the  hones  are  but  little  known  ;  still,  there  is  evidence 
of  their  existence,  for,  independently  of  the  authority  of  Mascagni  (which 
is  of  less  value  in  this  particular  instance,  inasmuch  as  he  does  not  state 
expressly  that  he  injected  the  vessels  which  he  took  for  the  lymphatics  of 
bone),  we  have  the  testimony  of  Cruikshank,  who  injected  lymphatics 
coming  out  of  the  body  of  one  of  the  dorsal  vertebrae,  in  the  substance  of 
which  he  also  saw  them  ramifying.* 

Fine  nerves  have  been  seen  passing  into  the  medullary  canal  of  some  of 
the  long  bones  along  with  the  artery,  and  following  its  ramifications,  but 
their  ultimate  distribution  is  doubtful  ;  and  KoUiker  describes  fine  nervous 
filaments  as  entering  with  the  other  arteries  of  the  bone  to  the  spongy  and 
compact  tissue.  As  far,  however,  as  can  be  judged  from  observations  on 
man  and  experiments  on  the  lower  animals,  the  bones,  as  well  as  their 
investing  periosteum,  are  scarcely  if  at  all  sensible  in  the  healthy  condition, 
although  they  are  painfully  so  when  inflamed. 

Some  hold  that  the  same  is  true  of  the  marrow,  or  rather  the  medullary  membrane  ; 
others,  among  whom  are  Duverney  and  Bichat,  affirm,  on  the  contrary,  that  the 
medullary  tissue  is  sensible.  They  state  that,  on  sawing  through  the  bone  of  a  living 
animal,  and  irritating  the  medullary  membrane  by  passing  a  probe  up  the  cavity,  or 
by  injecting  an  acrid  fluid,  very  unequivocal  signs  of  pain  will  be  manifested. 
Beclard,  who  affirms  the  same  fact,  points  out  a  circumstance  which  may  so  far 
account  for  the  result  occasionally  turning  out  differently, — namely,  that  when  the 
bone  happens  to  be  sawn  through  above  the  entrance  of  the  medullary  artery,  the 
nerves  going  along  with  that  vessel  are  divided,  and  the  marrow  consequently  ren- 
dered insensible,  as  happens  with  any  other  sensible  part  when  its  nerves  are  cut. 

Formation  anci  growth  of  hone. — The  foundation  of  the  skeleton  is  laid  at 
a  very  early  period,  for  among  the  parts  that  appear  soonest  in  the  embryo, 
we  distinguish  the  rudiments  of  the  vertebrae  and  base  of  the  skull,  which 
afterwards  form  the  great  median  column  to  which  the  other  parts  of  the 
bony  fabric  are  appended.  But  it  is  by  their  outward  form  and  situation 
only,  that  the  parts  representing  the  future  bones  are  then  to  be  recognised ; 
for  at  that  early  period  they  do  not  difi"er  materially  in  substance  from  the 
other  structures  of  the  embryo,  being,  like  these,  made  up  of  granular 


*  Anatomy  of  the  Absorbing  Vessels,  1790,  p. 
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corpuscles  or  elementary  cells,  united  together  by  a  soft  amorphous  matter. 
Very  soon,  however,  they  become  cartilaginous,  and  ossification  in  due  time 
beginning  in  the  cartilage  and  continuiug  to  spread  from  one  or  from  several 
points,  the  bone  is  at  length  completed. 

But  wliile  it  is  true  with  respect  to  tlie  bones  generally  that  their  ossifi- 
cation commences  in  cartilage,  it  is  not  so  in  every  instance.    The  tabular 
bones,  forming  the  roof  of  the  skull,  mnj  be  adduced  as  a  decided  example 
to  the  contrary  ;  in  these  the  ossification  goes  on  in  a  membranous  tissue 
quite  diflorent  in  its  nature  from  cartilage  ;  *  and  even  in  the  long  bones, 
in  which  ossification  undoubtedly  commences  and  to  a  certain  extent  pro- 
ceeds in  cartilage,  it  will  be  afterwards  shown  that  there  is  much  less  of  the 
increment  of  the  bone  really  owing  to  that  mode  of  ossification  than  has, 
till  lately,  been  generally  be- 
lieved.  It  is  necessary,  there- 
fore, to  distinguish  two  spe- 
cies or  modes  of  ossification, 
which  for  the  sake  of  brevity 
may  be  called  the  intramem- 
branous  and  the  inin-acartila- 
ginous. 

Ossification  in  membrane, 
— The  tabular  bones  of  the 
cranium,  as  already  said, 
afibrd  an  example  of  this 
mode  of  ossification.  The 
base  of  the  skull  in  the  em- 
bryo is  cartilaginous  ;  but  in 
the  roof,  that  is  to  say,  the 
part  comprehending  the  pari- 
etal, the  upper  and  greater 
part  of  the  frontal,  and  a 
certain  portion  of  the  occipital 
bones,  we  find  (except  where 
there  happen  to  be  commenc- 
ing muscular  fibres)  only  the 
integuments,  the  dura  mater, 
and  an  intermediate  mem- 
branous layer,  which  diflFers 
from  cartilage  in  its  intimate 
structure  as  well  as  in  its 
more  obvious  characters,  and 
in  which  the  ossification  pro- 
ceeds. 

The  commencing  ossifica- 
tion of  the  parietal  bone, 
which  may  be  selected  as  an 
example,  appears  to  the  naked 
eye  in  form  of  a  net- work  in 


Fig.  XLIX. — Parietal  Bone  of  an  E.MBRro 
Sheep.    Size  of  the  Embuto,  2i  inches. 

The  small  upper  figure  represents  the  bone  of  the 
natural  size,  the  larger  figure  is  magnified  about  12 
diameters.  The  curved  line,  a,  h,  marks  the  height 
to  which  the  subjacent  cartilaginous  lamella  ex- 
tended. A  few  insulated  particles  of  bone  are  seen 
near  the  circumference,  an  appearance  which  is  quite 
common  at  this  stage. 


e?c?nt'i«^'*?  bars  or  spicula  of  bone  run  in  various  directions,  and  meet 
each  other  at  short  distances.    By  and  by  the  ossified  part,  becoming 

diLS  modts'^of  '""^1  Nesbitt,  who  distinguishes  the  two 

OsteogenrLond  '  """^  ^°  ^''''^  ^^'^  ^^''^^  correct.-See  his  human 


civ 


BONE. 


extended,  gets  thicker  and  closer  in  texture,  ospeciaUy  towards  the  centre, 
and  the  larger  bony  spicula  which  now  appear,  run  out  in  radiating  lines  to 
the  circumference.  The  ossification  continues  thus  to  spread  and  consoHdate 
until  the  parietal  meets  the  neighbouring  bones,  with  which  it  is  at  length 
united  by  suture. 

The  figure  (xlix.)  represents  the  parietal  bone  of  an  embryo  sheep  about 
two  inches  and  a  half  long,  and  shows  the  character  of  the  ossification 
as  it  appears  when  the  object  is  magnified  about  twelve  diameters.  The  bone 
is  formed  in  membrane  as  in  the  human  foetus,  but  a  thin  plate  of  cartilage 
rises  up  on  its  inside  from  the  base  of  the  skull.  The  ossification,  however, 
is  decidedly  unconnected  with  the  cartilage,  and  goes  on  in  a  membrane 
lying  outside  of  it.  The  cartilaginous  plate  is  not  represented  in  the  figure, 
but  a  dotted  curve-line,  a,  6,  near  the  top,  marks  the  height  to  which  it 
reached,  and  from  this  it  will  be  seen  that  the  ossification  extended  beyond  the 
cartilage.  In  the  region  of  the  frontal  bone  the  cartilage  does  not  even 
rise  so  high.  In  both  cases  its  limit  is  well  defined,  and  under  the  micro- 
scope it  presents  a  decided  contrast  to  the  adjacent  membrane. 

When  further  examined  with  a  higher  magnifying  power,  the  tissue  or 
membrane  in  which  the  ossification  is  proceeding,  appears  to  be  made  up 
of  fibres  and  granular  corpuscles,  with  a  soft  amorphous  or  faintly  granular 
uniting  matter,  and,  in  point  of  structure  might  not  unaptly  be  compared 
to  connective  tissue  in  an  early  stage  of  development.  The  corpuscles  are 
large,  mostly  two  or  three  times  the  size  of  blood  corpuscles  ;  their  sub- 
stance is  granular  in  character,  and,  especially  in  specimens  preserved  in 
spirit,  usually  hides  the  nucleus.  They  are  densely  packed  all  over  the 
area  of  ossification,  covering  the  bony  spicula,  and  filling  up  their  inter- 
stices ;  so  that,  to  bring  the  growing  parts  into  view,  the  corpuscles  must 
be  washed  away  with  a  hair  pencil,  or  removed  by  short  immersion  of  the 
specimen  in  weak  solution  of  soda. 

On  observing  more  closely  the  points  of  the  growing  osseous  rays  at  the 
circiimference  of  the  bone,  where  they  shoot  out  into  the  soft  tissue,  it  will 
be  seen  that  the  portion  of  them  already  calcified  is  granular  and  rather  dark 
in  appearance  (fig.  L.,  a,  b,  c),  but  that  this  character  is  gradually  lost  as 
they  are  traced  further  outwards  in  the  membrane,  in  which  they  are  pro- 
longed for  a  little  way  in  form  of  soft  and  pliant  bundles  of  transparent  fibres 
(fig.  1.,  /).  Further  inwards,  where  the  slender  rods  or  bars  of  bone  are 
already  in  great  part  hard,  their  calcified  substance  is  coated  over  (although 
unequally)  with  transparent  and  as  yet  soft  and  imperfectly  calcified  matter, 
by  which  they  grow  in  thickness  ;  and  this  ossifying  substance  spreads  out 
at  their  sides,  and  encroaches  on  the  intervening  space,  in  form  of  a  bright 
treUis-work  (fig.  l.  ,  d),  thin  towards  its  outer  limit,  and  there  composed  of  fine 
fasciculi,  but  denser  and  coarser  nearer  the  bone,  where  the  trabeculse  are 
thick  and  round,  and  already  granular  from  commencing  earthy  impregna- 
tion.* The  interstices  of  this  mesh- work  are  in  some  parts  occupied  by  one 
or  more  of  the  corpuscles,  but  at  other  parts  they  are  reduced  to  short  narrow 
clefts  or  mere  pores.  The  appearance  wliich  I  have  endeavoured  to  describe 
is  especially  well  seen  at  those  places  where  a  cross  bridge  of  bone  is  being 
formed  between  two  long  spicula  (as  at  e)  ;  we  may  there  distinguish  the  clear 

*  A  notion  of  this  appearance  may  also  be  obtained  from  Fig.  LVIII.,  pnge  cxiii.,  which 
represents  intraraembranous  ossification  advancing  under  the  periosteum  of  a  long  bone. 
From  a  to  c  is  the  ossifying  trellis-work,  but  coarser  than  in  the  early  cranial  bone. 
From  a  to  6  is  the  part  already  impregnated  with  earthy  deposit,  which  is  encroaching  ou 
the  part  6,  c,  as  yet  soft  and  pellucid. 


BONE. 


cv 


soft  fibres  or  trabecule  which  have  already  stretched  across  the  interval ;  and 
the  darkish  grauuhir  opacity  iudicaliug  the  earthy  deposit  (a,  a')  may  be  per- 
ceived advancing  into  them  and  shading  off  gradually  into  their  pclluciU 
substance  without  a  precise  limit.  This  soft  transparent  matter,  whicli 
becomes  ossifie.l,  may,  wherever  it  occurs,  be  distinguished  by  the  name  ot 
"  osteo<reuic  substance,"  as  proposed  by  H.  MuUer,  or  simply  of  osteogen 
It  is  or"  becomes  fibrous  in  intimate  structure,  and  for  the  most  part  finely 
reticular    like  the  decalcified  bono  itself,  but  must  not  be  confounded 


^vith  fibres  which  may  pre-exist  in  the  membranous  tissue  in  which  the 

colls  everywhere  cover  in  a  dense  layer  the 


bone  is  growing. 

The  granular  corpuscles  or 
osteogenic  substance,  and  lie 
in  its  meshes  ;  most  probably 
they  yield  or  excrete  that 
substance,  and  hence  it  has 
been  proposed  to  call  them 
"  osteoblasts."  On  this  view 
the  process  might  be  com- 
pared to  the  production,  by 
cells,  of  the  matrix  of  carti- 
lage and  the  intercellular 
fibrillating  substance  in  grow- 
ino-  connective  tissue  :  also 
to  the  excretion  of  mem- 
branous, cuticular,  and  other 
deposits  by  cells,  and  layers 
of  cells,  loDg  since  pointed 
out  by  KoUiker. 

But  some  of  the  granular 
cells  are  involved  in  the 
ossifying  matrix,  and  eventu- 
ally inclosed  inlacunfB.  Single 
cells  may  accordingly  be  seen 
partially  sunk  in  the  recent 
osteogenic  deposit,  which 
then  gradually  grows  over 
them  and  buries  them  in  its 
substance  ;  and  the  cavity  in 
which  the  corpuscle  is  thus 
inclosed  becomes  a  lacuna. 

Some  observers  state  that  when 
such  a  corpuscle  is  as  yet  but 
half  sunk  in  the  growing  sub- 
stance, processes  may  be  seen 
passing  from  the  imbedded  side 
into  fine  clefts  of  the  matrix, 
which  close  in  around  them  and 
become  the  canaliculi ;  and  that 
as  the  inclosure  of  the  corpuscle 
is  completed,  canaliculi  arc  in 
like  manner  formed  in  the  rest 


Fig.  L. 


Fig.  L. — The  Growino  End  op  a  Spioulum  from 
THE  Parietal  Bone  op  an  Embryo  Sheep  at  about 
the  same  period  of  advancement  as  in  Fig.  XLIX.  ; 
magnified  150  diameters,  but  drawn  under  a  power 
of  350  diameters. 

a,  b,  c,  and  a',  parts  already  calcified ;  d,  d,  irre- 
gular network  of  soft  and  pellucid  osteogenic  sub- 
stance, on  -which  the  calcification  is  encroaching ; 
a,  e,  a',  a  connecting  bar  or  bridge  still  soft  at  e,  but 
calcified  at  a  and  a'  ;  /,  extremity  formed  of  bundles 
of  soft  osteogenic  fibres.  N.  B.  The  structure  repre- 
sented was  covered  over  and  hidden  by  granular  cor- 
puscles which  have  been  removed.  In  the  calcified 
part,  a,  b,  c,  superficial  excavations  are  seen  which  are 
probably  commencing  or  incomplete  lacuna),  from 
which  the  corpuscles  have  been  washed  out.  From  a 
drawing  by  Mr.  J.  Marshall,  F.  R.  S. 


of  its  circumference.  It  is  also 
supposed  that  the  canaliculi  are  afterwards  extended  by  absorption,  so  as  to  anas- 
tomose with  those  of  neighbouring  lacunse.  But  from  all  I  can  see  of  the  process, 
it  seems  more  probable  that  whilst  the  ossific  matter  closes  in  around  the  corpuscle 
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and  forms  the  lacuna,  the  canaliculi  and  their  communications  maybe  merely  channels 
left  as  vacuities  in  the  osseous  deposit,  into  which  the  processes  of  the  now  stellate 
corpuscle  pass  but  a  short  way. 

As  the  boue  extends  in  circumference,  it  also  increases  in  thickness  ;  the 
vacuities  between  the  bony  spicula  become  narrowed  or  disappear,  and  at  a 
more  advanced  period  the  tabular  bones  of  the  cranium  are  tolerably  compact 
towards  the  centre,  although  thoir  edges  are  still  formed  of  slender  radiating 
processes.  At  this  time  also  numerous  furrows  are  grooved  on  the  surface 
of  the  bone  in  a  similar  radiating  manner,  and  towards  the  centre  these  are 
continued  into  complete  tubes  or  canals  in  the  older  and  denser  part,  which 
run  in  the  same  direction.  The  canals,  as  well  as  the  grooves,  which  become 
converted  into  canals,  contain  blood-vessels  supported  by  processes  of  the 
investing  membrane,  and  are  lined  with  granular  cells,  which  deposit  con- 
centric layers  of  bone  inside  these  channels  ;  and  when  thus  surrounded  with 
concentric  laminae,  these  tubular  cavities  are  in  fact  the  Haversian  canals. 


Fig.  LI.  I  may  here  obsei-ve  that  in  earlier  stages,  such  as  that 

shown  in  fig.  xlix.,  vessels  may  be  seen  in  the  soft  tissue,  some 
twice  or  three  times  the  size  of  a  blood-capillary,  others  con- 
siderably more,  but  all  with  only  a  homogeneous  coat  with 
cells  upon  it  here  and  there,  and  without  a  muscular  layer. 

Ossification  in  ca/rtilage. — It  has  already  been  stated 
that  in  by  far  the  greater  number  of  bones,  the  primitive 
soft  cellular  matter  of  which  they  originally  consist  is 
very  quickly  succeeded  by  cartilage,  in  which  the 
ossification  begins.  One  of  the  long  bones  taken  from 
a  very  small  embryo,  just  before  ossification  has  com- 
menced in  it,  is  observed  to  be  distinctly  cartilaginous. 
In  the  tibia  of  a  sheep,  for  example,  at  a  time  when 
the  whole  embryo  is  not  more  than  an  inch  and  a 
quarter  in  length,  we  can  plainly  see  that  the  substance 
consists  of  cartilage-cells  imbedded  in  a  pellucid  matrix. 
These  cells,  which  can  scarcely  be  said  to  be  collected 
into  groups,  are  much  larger  in  the  middle  part  of  the 
shaft  where  ossification  afterwards  commences,  and 
there  also  they  are  mostly  placed  with  their  long 
diameter  across  the  direction  of  the  bone  :  towards  the 
ends  they  are  much  smaller  and  closer  together,  and 
the  cartilage  there  is  less  transparent,  ^s  it  enlarges 
the  cartdage  acquires  firmer  consistence  ;  it  represents 
in  figure  the  future  bone,  though  of  course  much 
smaller  in  size,  and  it  is  surrounded  with  a  fibrous 
membrane  or  perichondrium,  the  future  periosteum. 
Vessels  ramify  in  this  membrane,  but  none  are  seen 
in  the  cartilage  until  ossification  begins. 

In  a  long  bone  the  ossification  commences  in  the 
middle  and  proceeds  towards  the  ends,  which  remain 
long  cartilaginous,  as  represented  in  fig.  LI.  At 
length  separate  points  of  ossification  appear  in  them,  and  form  epiphyses, 
which  at  last  are  joined  to  the  body  of  the  bone. 

The  new-formed  osecous  tissue  is  red  and  obviously  vascular,  and  blood- 
vessels extend  a  little  way  beyond  it  into  the  adjoining  part  of  the  cartilage. 


Fig.       LI.  HcfMEKTJS 

OP  A  FCETUS,  HATU- 
BAL  SIZE. 

The  upper  half  is 
divid  ed  longitudiD  ally. 
a,  cartilage,  b,  bone, 
which  terminates  to- 
wards the  cartilage  by 
a  slightly  convex  sur- 
face. 
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In  a  long  bone  these  precursory  vessels  are  seen  at  either  end  of  the  ossified 
portion  of  the  shaft,  forming  a  red  zone  in  that  part  of  the  cartilage  into 
which  the  ossification  is  advancing.  The  vessels  are  lodged  in  excavations 
or  branching  canals  in  the  cartilage,  (fig.  li.  a,)  which  also  contain  granular 
corpuscles  and  soft  matter.  Other  vascular  canals  enter  the  cartilage  from 
its  outer  surface,  and  conduct  vessels  into  it  directly  from  the  perichondrium  ; 
at  least,  this  may  be  seen  when  the  ossification  approaches  near  to  the  ends 
of  the  bones. 

Dr.  Baly  has  observed  that  in  a  transverse  section  of  the  ossifying  cartilage,  its 
cells  appear  arranged  in  radiating  lines  round  the  sections  of  tlie  vascular  canals  ;  * 
and  I  may  also  remark  that  in  many  of  tliese  radiating  groups  the  cells  successively 
diminish  in  size  towards  the  centre,  that  is,  as  they  approach  the  canal.  The  canals 
which  enter  from  the  surface  of  the  cartilage  are  probably  formed  by  processes  from 
the  vascular  subpcrichondrial  tissue,  which,  excavating  the  canals  by  absorption, 
thus  extend  themselves  through  the  mass  of  cartilage ;  and  as  the  perichondrium 
affords  material  for  the  growth  of  the  cartilage  at  the  surface,  so  these  vascular  pro- 
cesses probably  yield  matter  for  the  multiplication  of  the  cells  in  the  interior  of  the 
mass.  The  canals  which  pass  into  the  cartilage  from  the  ossified  part  are,  in  like 
manner,  most  probably  formed  by  processes  of  the  subperiosteal  tissue  which  pierce  the 
bone  and  extend  through  the  medullary  cavities  within  it  to  the  cartilage,  into  which 
they  penetrate  for  a  short  way  beyond  the  advancing  limit  of  ossification. 

To  examine  the  process  more  minutely,  let  an  ossifying  bone  be  divided 
lengthwise,  as  in  fig.  li.,  and  then  from  the  surfiice  of  the  section  (as  at  a,  b) 
take  off  a  thin  slice  of  cartilage,  including  a  very  little  of  the  ossified 
part,  and  examine  it  with  the  microscope.  Such  a  view,  seen  with  a 
low  power,  is  shown  in  fig.  Lii.  The  cartilage  at  a  distance  from  the  sur- 
face of  the  ossified  part  has  its  cells  uniformly  disseminated  in  the  matrix, 
(as  at  a,  where  it  appears  in  the  figure  as  if  granular,)  but  at  and  near  to  the 
limit  where  the  ossification  is  encroaching  upon  it,  the  cells  are  gathered  into 
rows  or  oblong  groups,  between  which  the  transparent  matrix  appears  in  form 
of  clear  longitudinal  lines  (often  obscurely  striated)  obliquely  intersecting  each 
other  (6).  Tomes  and  De  Morgan  state  that  these  rows  are  formed  by 
segmentation  of  the  cartilage  cells  transversely  to  the  line  of  ossific  advance. 
Turning  now  to  the  newly-formed  bone  (c),  which  from  its  dark  opaque 
aspect  contrasts  strongly  with  the  cartilage,  and  tracing  it  towards  their 
mutual  boundary,  we  see  plainly  the  dark  lines  of  ossification  shooting  up 
into  the  clear  spaces  of  the  cartilage  between  the  groups  of  corpuscles.  The 
earthy  deposit,  in  fact,  proceeds  through  the  matrix,  and  affects  also  those 
parts  of  the  cartilage-capsules  which  form  the  circumference  of  a  group,  so 
that  the  new  osseous  substance  forms  in  the  first  instance  oblong  areola  or 
loculi,  which  inclose  the  groups  of  cells.  This  is  further  illustrated  by  a 
tliin  transverse  section,  carried  nearly  parallel  to  the  ossifying  surface,  and 
partly  encroaching  on  it,  so  as  to  take  off  a  little  of  the  bone  along  with 
the  cartilage,  as  represented  in  fig.  liii.  In  this  vieAV  we  see,  at  one  part, 
the  dark  and  nearly  circular  sections  of  the  newly-formed  osseous  areola  ; 
at  another,  sections  of  the  rows  of  cartilage  cells  with  the  clear  matrix 
between  and  around  them,  and  into  this  the  dark  ossification  is  advancing. 

On  using  a  higher  power,  as  in  figs.  liv.  and  lv.,  it  will  be  seen  that  the  cells 
formmg  the  groups  are  placed  with  their  long  diameter  transversely,  as  if  they  had 
been  flattened  and  piled  upon  one  another ;  but  in  the  immediate  vicinity  of  the  bone 
they  become  greatly  enlarged  and  more  rounded.  In  most  of  them  the  outline 
ot  the  capsule  is  distinct  from  that  of  the  mass  within.   As  to  the  matter  they 


*  MiiUer'a  Phyaiology,  plate  I.,  fig.  16. 
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mnlt^^U         ^^  P'""''*^  substance  Btrongly  refracting  the  light,  and  nearly 

5  If.  n^rV  'V^^'''  f"^"^'^  granular  and  light  like  ground  glass,  and 
in        n  1  <'"t  ;ne  and  la  these  there  is  a  very  distinct  nucleus,  varying  much 

lrrn  rowT''T\r'^''  but  always  most  regularly  circular,  and  inclosing 'one  or 

Tc.]]  hnl V    '    f^' "'^"^  ^<^'^"'  i°  '^^'^^^  ll'e  contained  mass 

or  eel  -body  has  shrunk  and  does  not  nearly  fill  the  capsule,  and  then  it  is  usually 
coarsely  granular  or  grumous,  with  an  uneven,  and  in  some,  a  jagged  outline. 


Fig.  LII. 


Fig.  LII. — Thin  Longitudinal  Section  of  Ossifyino  Cartilage  fkom  the  Humerus  op 

A  F(ETAL  Sheep. 

a,  cartilage  cells  uniformly  diffused  ;  6,  cells  nearer  the  boundary  of  the  ossification, 
collected  into  piles  and  inclosed  in  oblong  areolse  of  the  clear  matrix ;  c,  dark  lines  of 
ossification  extending  into  the  matrix  and  forming  the  primary  bony  areolie.  Magnified 
about  70  diameters. 

Fig.   LIII. — Transterse  Section  of  the  OssiFTiNa  CARiiLAaE  represented  in 

Fio.  LII., 

Made  a  little  above  c,  along  the  surface  of  ossification,  and  including  part  of  the  new 
bone,  magnified  70  diameters.  The  circular  sections  of  the  groups  of  cells  and  of  the 
osseous  areolae  are  seen  ;  and  the  dark  bone  extending  into  the  clear  intercellular 
matri.K. 

It  thus  appears  that  the  bony  tissue,  as  it  advances  into  the  cartilage, 
has  at  first  a  sort  of  alveolar  structure,  made  up  of  fusiform  areolae,  or 
short  tubular  cavities,  with  thin  parietes,  which  are  formed  by  calcifi- 
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Fig.  LIV. 


calion  of  the  matrix  and  partial  calcification  of  the  capsules  of  the  cartilage- 
cells    But  this  condition,  which  differs  from  that  of  perfect  bone,  is  only  transi- 
tory and  at  a  short  distance  below  the  ossifying  surface  we  see  a  change 
takii'icr  place  in  the  newly-formed  tissue  ;  the  structure  becomes  more 
open,"  the  original  cartilage  cells  disappear  from  its  interstices,  and  the 
medullary  spaces,  with  their  lamellated  parietes,  as  in  the  permanent  cancel- 
lated tissue,  begin  to  bo  formed.     This,  which  is  the  next  step  of  the 
process,  takes  place  in  the  following  manner  :— The  primcvry  areolae  of  the 
bone  above  described  open  into  one  another 
both  laterally  and  longitudinally  by  absorp- 
tion of  thair  intermediate  walls,  and  by 
then-  confluence  give  rise  to  the  larger  or 
secondary  cavities,  the  medullary  spaces  of 
H.  Muller,  which  succeed  them  lower  down. 
This  is  shown  in  a  longitudinal  section  in 
fig.  LV. ,  and  in  transverse  section  in  fig.  LVi. , 
A,  which  represents  a  thin  section  made 
almost  immediately  below  the  surface  of 
ossification,  and  in  which  the  primary  cavi- 
ties are  seen  to  have  coalesced  into  larger 
ones.    A  transverse  section  somewhat  lower 
down,  (fig.  LVI.,  B,)  shows  that  they  go  on 
enlarging  by  further  absorption  and  coales- 
cence, and  that  their  sides  are  thickened 
by  layers  of  new  bone  ;  this  soon  begins  to 
be  deposited,  (fig.  lv.,  b,  h,  in  longitudinal, 
and  LVI.,  A,  in  cross  section)  and  goes  on 
increasing,  (fig.  Lvr.,  b).     In  the  meantime 
the  cartilage  cells  have  disappeared,  and  the 
bony  cavities  are  filled  with  soft  matter, 
in  which  there  are  a  few  fibres  and  numerous 
granular  corpuscles  resembling  those  seen  in 
the  intramembranous  ossification  {d,  fig. 
LV,)  ;  there  are  also  many  blood-vessels. 
In  the  end,  some  of  the  enlarged  cavities 
and  open  structure  remain  to  form  the 
cancellated  tissue,  but  much  of  this  struc- 
ture is  afterwards  removed  by  absorption, 
to  give  place  to  the  medullary  canal  of 
the  shaft.    In  many  of  these  cavities  the 
walls  of  the  coalesced  primary  areolae  may 
long  be  distinguished,  like  little  arches, 
forming  by  their  union  a  sort  of  festooned 
outline,  within  which  the  new  bony  ,lamiu£e 
are  situated. 


Fig.  LTV  — Small  Portion  of  a 
Section  similar  to  that  in  Fig. 
LII.,  more  highly  magnified 
(about  140  diameters). 


a,  h,  two  of  tlie  new-formed  osse- 
ous tutes  or  aroolse,  with  a  few  car- 
tilage cells  and  granular  corpuscles 
lying  in  them  ;  c,  c,  cartilage  cells 
near  the  ossifying  surface,  exhibiting 
the  appearances  described  in  the  text. 


The  primarj-  osseous  matter  forming  the  original  thin  walls  of  the  areolre,  and 
produced  by  calcification  of  the  cartilaginous  matrix,  is  decidedly  granular,  and 
has  a  dark  appearance ;  the  subsequent  or  secondary  deposit  on  the  other  hand  is 
quite  transparent  and  of  an  uniform,  homogeneous  aspect.  This  secondary  deposit 
begins  to  cover  the  granular  bone  a  very  short  distance  (about  J,th  of  an  inch)  below 
the  surface  of  ossification,  and,  as  already  stated,  increases  in  thickness  farther  down. 
The  lacunDe  first  appear  in  this  depodt ;  there  arc  none  in  the  primary  granular  bone. 
The  cartilage  cells  do  not  become  calcified.    According  to  II.  Muller  the  capsules 
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are  opened  by  absorption,  and  the  granular  bodies  contained  witliin  tLem  (i.  e. 

the  proper  cell-bodies)  produce  by  ijssi- 
parous  multiplication  the  granular  osteo- 
blastic cells  which  succeed  them.  On 
^the  other  hand,  Lov6u*  has  suggested, 
'and,  as  I  think,  with  more  probability, 
that  the  osteoblastic  corpuscles  properly 
belong  to  the  vascular  processes  of  the 
subperiosteal  tissue,  which,  as  already 
stated,  penetrate  the  new-formed  bone 
and  spread  throughout  its  cavernulated 
structure.  The  excavation  and  removal 
of  the  cartilage,  as  well  as  the  part.ial 
absorption  of  the  walls  of  the  bony  cavi- 
ties, is  no  doubt  effected  by  this  tissue, 
and  the  abundant  osteoblastic  cells  which 
appear  in  it  are  most  probably  derived 
by  descent  from  similar  cells  equally 
abundant  beneath  the  periosteum.  The 
cells  or  corpuscles  in  question,  in  what- 
ever way  produced,  are  disposed  in  a  layer 
or  layers  upon  the  walls  of  the  secondary 
or  medullary  spaces,  in  immediate  con- 
tact with  the  new  osteogenic  deposit, 
which  here,  as  in  the  intra-membranous 
ossification,  they  probably  secrete.  Here 
too  the  osteogenic  substance  is  finely 
reticular,  and  retains  that  character  when 
calcified ;  for  the  secondary  bony  deposit 
is  formed  in  layers  made  up  of  finely 
reticulating  fibres,  like  the  lamellje  of 
perfect  bone  shown  in  fig.  xlt.  On  a 
careful  inspection,  and  with  a  certain 
adjustment  of  the  light,  fine  strise  may 
be  seen  in  many  parts  indicating  the 
obliquely  decussating  fibres  of  the  new- 
formed  laminse.  The  structure  in  some 
measure  reminds  us  of  the  secondary 
deposit  inside  the  oblong  cells  of  the 
wood  of  coniferous  trees,  in  which  the 
ligneous  matter  is  arranged  in  fibres,  or 
rather  in  fine  lines,  running  obliquely 
round  the  wall  of  the  cell  and  crossing 
one  another  in  alternate  laj'ers. 

The  lacunse  are  formed,  as  described 
in  the  intra-membranous  ossification,  by 
some  of  the  granular  corpuscles  becom- 
ing imbedded  in  the  osteogenic  sub- 
stance, and  inclosed  in  a  cavitj'  formed 
round  them  by  its  further  deposit.  La- 
cunte  formed  from  cartilage  cells  exist 
but  very  scantily.  Examples  occur  in 
articular  cartilage,  and  in  that  of  the 
pubic  symphysis,  when,  as  commonly 
happens  in  mature  life,  the  part  of  these 
tissues  adjoining  the  bone  is  encroached 
on  by  a  species  of  ossification,  as  no- 
ticed at  page  xcix.  The  ossifying  pro- 
cess in  this  case  is  mere  calcification  of 
the  cartilage,  and  stellate  lacunse,  not 


Fig.  LV. — Thin  Longitudinal  Section  op 
THE  Growing  End  of  the  Shaft  of  the 
Metatarsal  Bone  of  a  Slink  Calf, 
magnified. 

The  upper  part  of  the  figure  shows  four 
groups  of  cartilage  cells,  with  calcified  matrix 
between  them  forming  the  walls  of  four 
primary  areolaa  filled  as  yet  by  the  original 
cartilage  cells,  except  at  the  lower  part  where 
these  are  replaced  by  granular  corpuscles. 
Lower  down  are  two  oblong  spaces  (secondary 
or  medullary  cavities)  ;  one,  indicated  by  d, 
is  nearly  filled  by  granular  corpuscles  and 
vessels,  the  other  is  vacant.  The  walls  of 
these  spaces  are  beginning  to  be  lined  with 
secondary  osseous  deposit,  shown  in  the 
figure  as  a  lighter  layer,  b,  h,  and  6  ;  c,  c, 
and  c,  are  corpuscles  about  to  be  imbedded 
in  the  ossifying  substance  and  inclosed  in 
laminfK  ;  (j,  a  cartilage  cell  of  which  the  body 
has  shrunk  from  the  inside  of  the  capsule. 
After  H.  Miiller  and  Kolliker, 


*  Studier  och  Underscikningar  ofver  Bcnviifnaden.    Stockholm.  1863. 
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become  apparent. 

Fig.  LVI.,  A. 


Fig.  LVI.,  B. 


fig.  lvi.  — a  and  b  repebsent  two  transverse  sections  op  growing  bone,  a3  in 
Fig.  LIII.,  but  much  more  magnified  (about  120  diameters). 

They  show  the  lateral  coalescence  of  the  primary  bony  areolae  and  the  thickening  of  the 
sides  of  the  enlarged  cavities  by  new  osseous  deposit.  The  section  A  is  made  almost  imme- 
diately below  the-  suiface  of  ossification  ;  B,  is  somewhat  lower,  and  shows  the  cavities  still 
more  enlarged  and  their  sides  more  thickened  than  in  A.  The  new  osseous  lining  is 
transparent,  and  appears  light  in  the  figures  ;  the  dai-k  ground  within  the  areolte  is  owing 
to  opaque  ddbris,  which  collected  there  in  grinding  the  sections.  It  must  be  further 
noticed  that  the  letter  a  within  the  larger  figure  marks  a  place  where  a  bony  partition 
liad  been  accidentally  brolien  away,  fur  the  large  space  was  naturally  divided  into 
two. 

As  ossification  advances  towards  the  ends  of  the  bone,  the  portion  as  yet 
cartilaginous  continues  to  grow  at  the  same  time,  and  increases  in  every 
dimension.  The  part  already  osseous  increases  also  in  circumference  ;  the 
medullary  canal,  of  which  for  some  time  there  is  no  appearance,  begins  to 
be  excavated  in  the  interior  by  absorption,  and  the  sides  of  the  shaft  acquire 
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compactness  and  solidity.  The  increase  in  girth  u  brought  about  by 
deposition  of  bone  at  the  surface  underneath  the  periosteum  It  has  been 
sometimes  supposed  that  a  formation  of  cartilage  precedes  the  bone  also  in 

this  situation  ;  but  such  is  not  the  case, 
for  the  vascular  soft  tissue  in  immediate 
contact  with  the  surface  of  the  growing 
bone  is  not  cartilage,  but  a  blastema  con- 
taining fibres  and  granular  corpuscles;  in 
fact,  the  increase  takes  place  by  intra- 
membranous  ossification,  and  accordingly  the 
Haversian  canals  of  the  shaft  are  formed  ia 
the  same  way  as  those  of  the  tabular  bones 
of  the  skull, — that  is,  the  ess  sous  matter  is 
not  only  laid  on  in  strata  parallel  to  the 
surface  of  the  bone,  but  is  deposited  around 
processes  of  the  vascular  membranous  tissue 
which  extend  from  the  surface  obliquely  into 
the  substance  of  the  shaft,  (fig.  lvii.,  a,  a,  in 
transverse  section)  ;  and  the  canals  in  which 
these  vascular  processes  lie,  becoming  nar- 
rowed by  the  deposition  of  concentric  osseous 
laminae,  eventually  remain  as  the  Haversian 
canals  (c,  c). 


Fig.  LYII. — Transverse  Section 
OP  Superficial  Part  op  Grow- 
ing Metatarsal  Bone  op  a 
Calf,  magnified  45  diameters 
(fiom  Kolliker). 

A,  periosteum;  B,  vascular 
soft  tissue  (sub-periosteal  blastema 
of  some  writers) ;  C,  new  bony 
gi-owth  with  wide  spaces,  a,  a,  a, 
some  being  open  grooves,  others  tu- 
bular, seen  in  cross  section  ;  D,  more 
advanced  and  now  compact  tissue 
of  the  shaft,  with  the  tubular 
spaces  now  nearly  filled  with  con- 
centric lamelliB  leaving  Haversian 
canals,  c,  c,  in  the  centre.  With 
a  highervimagnifying  power,  in  the 
tissue  B  would  be  found  fibres  and 
granular  cells,  and  layers  of  these 
cells  everywhere  coveriug  the 
osteogenic  deposit  on  the  surfa,ce 
of  the  growing  bone,  and  lining 
the  grooves  and  tubular  spaces. 


That  the  ossification  at  the  periosteal  surface  of 
the  bone  does  not  take  place  in  cartilage,  may  be 
made  apparent  in  the  following  manner.  Strip 
off  the  periosteum  from  a  growing  bone  at  the  end 
of  the  shaft,  and  from  the  adjoining  cartilage 
also,  taking  care  not  to  pull  the  latter  away 
from  the  bone.  A  thin  membranous  layer  will 
still  remain,  passing  from  the  bone  over  the 
cartilage ;  now,  take  a  thin  slice  from  the  surface, 
including  this  membrane  with  a  very  thin  portion 
of  the  subjacent  bone  and  cartilage,  and  examine  it 
with  the  microscope,  scraping  off  the  cartilage 
from  the  inside  if  it  be  too  thick.  It  will  then 
be  seen  that  the  superficial  part  or  shell  of  the 
bone,  if  it  may  be  so  called,  is  prolonged  a  little 


way  over  the  surface  of  the  cartilage  by  means  of  pel- 
lucid, coarsely  reticulated  fibres  of  soft  tissue  (fig.  lviii.  b,  c)  into  which  the  earthy 
deposit  is  advancing.  These  osteogenic  fibres  are  intermixed  with  granular  corpuscles 
or  cells,  but  form  no  part  of  the  cartilage,  and  they  are  no  doubt  of  the  same 
nature  as  those  seen  in  the  intramembranous  ossification  of  the  skull.  Their  re 
ticulations  are  in  most  cases  directed  transversely,  and  sometimes  they  are  little, 
if  at  all,  in  advance  of  the  limit  between  the  bone  and  cartilage.  I  have  observed 
the  structure  here  described  in  several  bones  of  the  (well  advanced)  foetal  sheep, 
also  in  the  human  scapula,  humerus,  femur,  tibia  and  fibula,  metacarpus  and  meta- 
tarsus, and,  as  was  to  be  anticipated,  it  has  since  been  found  in  all  the  long  bones. 

Ossification  having  thus  proceeded  for  some  time  in  the  shaft,  at  length 
begins  in  the  extremities  of  the  bone  from  one  or  more  independent  centres, 
and  extends  through  tlie  cartilage,  leaving,  however,  a  thick  superficial 
layer  of  it  unossified,  which  permanently  covers  the  articular  end  of  the 
bone.  The  epiphyses  thus  formed  continue  long  separated  from  the  shaft 
or  diaphysis  by  an  intervening  portion  of  cartilage,  which  is  at  last  ossified, 
and  the  bone  is  then  consolidated.     The  time  of  final  junction  of  the 
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extend  into  the  intervening 
Fig.  LVIII. 


eniphyses  is  different  in  different  bones  ;  in  many  it  does  not  arrive  until 
the  body  has  reached  its  full  stature.  Meanwhile  the  bone  increases  in 
length  by  the  ossification  continuing  to 
cartilage,  which  goes  on  growing  at  the 
same  time  ;  and  it  appears  that  in  the 
part  of  the  shaft  abeady  ossified  little  or  no 
elongation  takes  place  by  interstitial  growth. 
This°  is  shown  by  an  experiment  first  made 
by  Dr.  Hales  and  afterwards  by  Duhamel 
and  by  John  Hunter,  in  which  two  or  more 
holes  being  bored  in  the  growing  bone  of  a 
young  animal  at  a  certain  measured  distance 
from  each  other,  they  are  fovmd  after  a  time 
not  to  be  farther  astmder,  although  the 
bone  has  in  the  mean  while  considerably 
increased  in  length.*  In  like  manner  the 
shaft  also  increases  in  circumference  by 
deposition  of  new  bone  on  its  external  sur- 
face, while  at  the  same  time  its  medullary 
canal  is  enlai-ged  by  absorption  from  within. 
A  ring  of  silver  or  platinum  put  round  the 
wing-bone  of  a  growing  pigeon,  becomes 
covered  with  new  bone  from  without, 
and  the  original  bone  included  within  it 
gets  thinner,  or,  according  to  Duhamel, 
who  first  made  the  experiment,  is  entirely 
removed,  so  that  the  ring  comes  to  lie 
within  the  enlarged  medullary  canal. 


.  Madder  given  to  an  animal  along  with  its 
food,  tinges  the  earth  of  bone,  which,  acting  as  a 
sort  of  mordant,  unites  with  and  fixes  the  colour- 
ing matter.  Now,  that  part  of  the  bone  which 
is  most  recently  formed,  and  especially  that  part 
which  is  actually  deposited  during  the  admi- 
nistration of  the  madder,  is  tinged  both  more 
speedily  and  more  deeply  than  the  older  part ; 
and,  as  in  this  way  the  new  osseous  growth 
can  be  readily  distinguished  from  the  old,  ad- 
vantage was  taken  of  the  fact  by  Duhamel, 
and  afterwards  by  Hunter,  in  their  inquiries  as  to  the  manner  in  which  bones 
increase  in  size.  By  their  experiments  it  was  shown  that  when  madder  is  given 
to  a  young  pig  for  some  weeks,  the  external  part  of  its  bones  is  deeply  red- 
dened, proving  that  the  new  osseous  matter  is  laid  on  at  the  surface  of  that  previously 
formed.  Again,  it  was  found  that  when  the  madder  was  discontinued  for  some  time 
before  the  animal  was  killed,  an  exterior  white  stratum  (the  last  formed)  appeared 
above  the  red  one,  whilst  the  internal  white  part,  which  was  situated  within  the  red, 


Fig.  LYIII.  —  Subperiosteal 
Later  from  the  Extremity 
OF  THE  Bony  Shaft  of  the 
Ossifying  Tibia,  as  described 
IN  THE  text. 

The  cartilage  and  more  open 
bony  tissue  have  been  scraped  off 
from  the  inside  of  the  crust,  ex- 
cept at  a,  where  a  dark  shade 
indicates  a  few  vertical  osseous 
areolse  out  of  focus  and  indistinctly 
seen.  The  part  a,  b,  of  the  crust 
is  ossified,  and  of  granular  aspect ; 
between  6  and  c  are  the  clearreticu- 
lated  fibres  into  which  the  earthy 
deposit  is  advancing.  Magnified 
150  diameters. 


*  Hales  Veget.  Statics.,  4th  edit.  p.  340  ;  Duhamel  Mem.  de  I'Acad.  des  Sc.  1743  et 
seq.  Hunter  (reported  by  Home)  in  Trans,  of  See.  for  Imp.  of  Med.  and  Chir.  Know- 
ledge, vol.  ii.  ;  also  Catalogue  of  Hunterian  Museum,  vol.  i.  p.  249.  Duhamel  was  led 
from  some  of  his  experiments  to  infer  that  an  interstitial  elongation  took  place  near  the 
ends  ;  but  there  is  some  doubt  left  as  to  the  precise  circumstances  of  the  experiments  in 
these  cases.  Both  Hales  and  Duhamel,  in  experimenting  on  the  growing  tibia  of  a  chicken, 
observed  that  the  addition  of  new  bone  was  much  greater  at  the  upper  end.  Dr. 
Humphry  has  found  that  in  the  femur  the  elongation  is  greater  at  the  lowej',  and  in  the 
humerus  at  the  upper  end  of  the  shaft  (Med.  Chir.  Trans,  vol.  xliv.). 
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and  had  been  formed  before  any  madder  was  given,  had  become  much  thinner; 
showing  that  absorption  takes  place  from  within.  In  this  last  modification  of  the 
experiment  also,  as  noted  by  Mr.  Hunter,  a  transverse  red  mark  is  observed  near  the 
ends  of  the  bone,  beyond  which  they  are  white;  the  red  part,  indicating  the  growth 
in  length  during  the  use  of  the  madder,  and  the  white  beyond,  that  which  has  taken 
place  subsequently,— thus  showing  that  the  increase  in  length  is  caused  by  the 
addition  of  new  matter  to  the  extremities.*  But  other  changes  take  place  in  the 
bone.  The  spaces  in  the  cancellated  structure  become  enlarged,  as  well  as  the 
medullary  canal,  by  absorpt  ion ;  whilst  in  other  parts  the  tissue  becomes  more  com- 
pact by  farther  deposit  on  the  inner  surface  of  the  vascular  cavities.  The  sides  of  the 
shaft  in  particular  acquire  greater  solidity  by  the  narrowing  of  the  Haversian  canals, 
within  which  the  vascular  membrane  continues  to  deposit  fresh  layers  of  bone ;  and 
madder  administered  while  this  process  is  going  on,  colours  the  interior  and  recently- 
formed  laminae,  so  that  in  a  cross  section  the  Haversian  apertures  appear  surrounded 
with  a  red  ring.  Lastly,  Tomes  and  De  Morgan  have  shown  that  in  bones  which 
have  acquired  their  full  size,  a  production  of  new  systems  of  Haversian  lamellae  con- 
tinues throughout  life,  as  described  at  page  xciii. 

From  the  foregoing  account  it  is  evident  that  a  great  portion  of  a  long  bone  is 
formed  independently  of  cartilage.  Those  physiologists,  therefore,  appear  to  have 
reason  on  their  side,  who  consider  the  pre-existence  of  that  tissue  as  not  being  a 
necessary  condition  of  the  ossific  process,  and  who  regard  the  precursory  cartilage  of 
the  foetal  skeleton  in  the  light  of  a  temporary  substitute  for  bone,  and  also  as 
affording  as  it  were  a  mould  of  definite  figure  and  of  soft  but  yet  sufficiently  con- 
sistent material  in  which  the  osseous  tissue  may  be  at  first  deposited  and  assume  a 
suitable  form.  In  fact  the  cartilage-cells  are  not  ossified,  and,  as  to  the  slender  walls 
of  the  primary  areolae  formed  by  calcification  of  the  intercellular  cartilaginous 
matrix,  most  of  them  are,  in  a  long  bone,  swept  away  by  absorption,  in  the  excavation 
of  the  medullary  canal ;  so  that  they  can  only  remain — coated,  however,  and  obscured 
by  secondary  laminated  deposit — in  the  cancellar  structure  of  bones  which  begin  to 
ossify  in  cartilage.f 

The  time  of  commencement  of  ossification  in  the  different  bones,  as  well  as  the 
number  and  mode  of  conjunction  of  their  bony  nuclei,  are  subjects  that  belong  to 
special  anatomy.  It  may,  however,  be  here  remarked  in  general,  that  the  commence- 
ment of  ossification  does  not  in  all  cases  follow  the  order  in  which  the  bones  appear 
in  their  soft  or  cartilaginous  state.  The  vertebrae,  for  instance,  appear  as  cartilages 
before  there  is  any  trace  of  the  clavicle,-yet  ossification  begins  in  the  latter  sooner 
than  in  any  other  hone  of  the  skeleton.  The  time  when  it  commences  in  the  clavicle, 
and  consequently  the  date  of  the  first  ossification  in  the  skeleton,  is  referred  by  some 
to  the  seventh  week  of  intra-uterine  life ;  others  assign  a  considerably  earlier  period  ; 
but  owing  to  the  uncertainty  that  prevails  as  to  the  age  of  early  embryos,  the  dates 
of  commencing  ossification  in  the  earliest  bones  cannot  be  given  with  precision. 

In  regard  to  the  number  and  arrangement  of  the  nuclei,  the  following  general  facts 
may  be  stated  : — 1.  In  the  long  bones  there  is  one  centre  of  ossification  in  the  middle, 
and  the  ends  are  for  the  most  part  ossified  from  separate  nuclei ;  whilst  a  layer  of 
cartilage  remains  interposed  until  the  bone  has  nearly  attained  its  full  length.  By 
this  means  the  bone  is  indurated  in  the  parts  where  strength  is  most  required,  whilst 
its  longitudinal  growth  is  facilitated.    2.  The  larger  foramina  and  cavities  of  the 


*  M.  Flourens  has  repeated  and  varied  these  experiments,  and  represented  the  results 
in  beautiful  delineations,  Recherohes  sur  le  Developpement  des  Os  et  des  Dents.  Paris, 
1842. 

t  Nesbitt,  in  1736,  maintained  that  the  cartilage  is  "  entirely  destroyed  ;  "  he  there- 
fore considered  it  to  be  a  mere  temporary  substitute  ;  but  the  steps  of  the  process  of 
infracavtilaginous  ossification  as  now  traced  with  the  aid  of  the  microscope  were  un- 
known to  him.  The  view  stated  in  the  text,  together  with  most  of  the  facts  adduced  m 
support  of  it,  was  published  in  the  fifth  edition  of  this  work  in  1846,  but,  notwith- 
standing the  comprehensive  researches  of  Bruch,  by  which  he  was  led  to  the  same  opinion 
(Denks.°d.  Schweitz.  naturf.  Gesells.  1852),  it  met  with  little  notice,  and  probably  less 
absent,  until  the  subject  was  treated  of  in  a  special  memoir  by  the  late  H.  Miiller  (Zeits. 
fiir  wissensch.  Zool.,  vol.  ix.,  1858),  to  whom  the  doctrine  in  its  modern  shape  is  now 
commonly  ascribed, 
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skeleton  are  for  the  most  part  formed  by  the  junction  of  two,  but  more  generally  of 
three  or  more  nuclei  round  the  aperture  or  included  space.  The  vertebral  rings,  the 
acetabulum,  the  occipital  foramen,  and  the  cranium  itself,  are  illustrations  of  this. 
It  is  easy  to  conceive  that  in  this  way  the  ready  and  equable  enlargement  of  such 
cavities  and  apertures  is  provided  for.  3.  Bones  of  a  complex  figure,  like  the  ver- 
tebraj,  have  usually  many  nuclei ;  but  the  converse  is  not  always  true.  4.  We  can 
frequently  connect  the  number  of  nuclei  with  the  principle  of  uniformity  of  type  on 
which  the  skeleton  of  vertebrated  animals  is  constructed.  Thus  the  typical  form  of 
the  sternum  seems  to  be  that  of  a  series  of  distinct  bones,  one  placed  between  each 
pair  of  ribs  in  front,  as  the  vertebrte  are  behind,  and  this  is  its  permanent  condition 
in  many  quadrupeds.  In  man  it  conforms  to  the  archetype  in  its  mode  of  formation, 
in  so  far  as  it  is  ossified  from  several  centres,  and  for  some  time  consists  of  several 
pieces ;  but,  to  suit  the  fabric  of  the  human  thorax,  these  at  last  coalesce  one  with 
another,  and  are  reduced  in  number  to  three. 

In  the  reunion  of  fractured  bones,  osseous  matter  is  formed  between  and  around 
the  broken  ends,  connecting  them  firmly  together;  and  when  a  portion  of  bone  dies, 
as  happens  in  necrosis,  a  growth  of  new  bone  very  generally  takes  place  to  a  greater 
or  less  extent,  and  the  dead  part  is  thrown  off.  The  several  steps  of  the  process  of 
restoration  in  these  instances  are  so  fully  described  in  works  on  Surgical  Pathology, 
that  it  is  unnecessary  to  add  to  the  length  of  this  chapter  by  introducing  an  account 
of  them  here. 


MUSCULAE  TISSUE. 

The  muscular  tissue  is  that  by  means  of  which  the  active  movements  of 
the  body  are  produced.  It  consists  of  fine  fibres,  which  are  for  the  most 
part  collected  into  distinct  organs  called  muscles,  and  in  this  form  it  is 
familiarly  known  as  the  flesh  of  animals.  These  fibres  are  also  disposed 
round  the  sides  of  cavities  and  between  the  coats  of  hollow  viscera,  forming 
strata  of  greater  or  less  thickness.  The  muscular  fibres  are  endowed  with 
contractility,  a  remarkable  and  characteristic  property,  by  virtue  of  which 
they  shrink  or  contract  more  or  less  rapidly  under  the  influence  of  certain 
causes  which  are  capable  of  exciting  or  calUng  into  play  the  property  in 
question,  and  which  are  therefore  named  stimuli.  A  large  class  of  muscles, 
comprehending  those  of  locomotion,  respiration,  expression,  and  some 
others,  are  excited  by  the  stimulus  of  the  will,  or  volition,  acting  on  them 
through  the  nerves  ;  these  are  therefore  named  "  voluntary  muscles," 
although  some  of  them  habituaUy,  and  all  occasionally,  act  also  in  obe- 
dience to  other  stimuli.  There  are  other  muscles  or  muscular  fibres  which 
are  entirely  withdrawn  from  the  control  of  the  will,  such  as  those  of  the 
heart  and  intestinal  canal,  and  these  are  accordingly  named  "involuntary." 
These  two  classes  of  muscles  difi^er  not  only  in  the  mode  in  which  they 
are  excited  to  act,  but  also  to  a  certain  extent  in  their  anatomical  charac- 
ters-; and  on  this  account  we  shall  consider  the  structure  of  each  class 
separately. 

Of  the  structure  of  voluntary  muscles.— The  voluntary  muscular  fibres 
are  tor  the  most  part  gathered  into  distinct  masses  or  muscles  of  various 
Bize.s  and  shapes,  but  most  generally  of  an  oblong  form,  and  furnished  with 
tendons  at  either  extremity,  by  which  they  are  fixed  to  the  bones. 

ihe  two  attached  extremities  of  a  muscle  are  named,  in  anatomical  de- 
scriptions Its  origin  and  insertion, -the  former  term  being  usually  applied 
cannott  r'  ""^'^  considered  to  be  most  fixed,  although  the  rule 
which        ^  ""P?^'.'^  fleshy  part  is  named  the  belly, 

I  tZZ       !  «  interrupted  in  the  middle  or  divided  into  two  by 

a  tendon,  and  then  the  muscle  is  said  to  be  biveutral  or  digastric;  on 
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Fig.  LIX.— A,  Small  Portion  op  Muscle,  natural  size;  B,  the  same  magnified 
5  diameters,  consisting  of  larger  and  smaller  fasciculi,  seen  in  a  transverse 
Section. 

Fig.  LX. — A  FEW  Muscular  Fibres,  being  part  of  a  small  Fasciculus,  highlt 

MAGNIFIED,  SHOWING  THE  TRANSVERSE  StRI^. 

a,  end  view  of  6,  h,  fibres  ;  c,  a  fibre  split  into  its  fibrils. 

The  muscular  fibres  are  collected  into  packets  or  bundles,  of  greater  or 
les3  thickness,  named  fasciculi  or  lacerti  (fig.  lis..),  and  the  fibres  themselves 
consist  of  much  finer  threads,  visible  by  the  aid  of  the  microscope,  which 
are  termed  muscular  filaments,  fibrillse  or  fibrils  (fig.  lx.,  c).  The  fibrils 
run  parallel  with  each  other  in  the  fibres,  and  the  fibres  are  parallel  in  the 
fasciculi  and  the  fasciculi  extend  continuously  from  one  terminal  tendon  to  the 
other,  unless  in  those  instances,  like  the  rectus  muscle  of  the  abdomen 
and  the  digastric  of  the  inferior  maxilla,  in  which  the  fleshy  part  ia  inter- 
rupted by  interposed  tendinous  tissue.  The  fasciculi  also  very  generally 
run  parallel,  and  although  in  many  instances  they  converge  towards  their 
tendinous  attachment  with  various  degrees  of  inclination,  yet  in  the  volun- 
tary muscles  they  do  not  interlace  with  one  another. 

Sheath. — An  outward  investment  or  sheath  of  areolar  tissue  (sometimes 
named  perimysium)  surrounds  the  entire  muscle,  and  sends  partitions  in- 
wards between  the  fasciculi  ;  furnishing  to  each  of  them  a  special  sheath. 
The  areolar  tissue  extends  also  between  the  fibres,  but  does  not  afford  to 
each  a  continuous  investment,  and  therefore  cannot  be  said  to  form  sheaths 
for  them.  Every  fibre,  it  is  true,  has  a  tubular  sheath  ;  but  this,  as  will 
be  afterwards  explained,  is  not  derived  from  the  areolar  tissue.  The  tissue 
of  the  sheath  is  composed  of  elastic  (yellow)  as  well  as  of  white  fibres  ;  but 
the  elastic  element  is  found  principally  in  its  investing  (as  distinguished 
from  its  penetrating)  portion.  The  chief  uses  of  the  areolar  tissue  are  to 
connect  the  fibres  and  fasciculi  together,  and  to  conduct  and  support  the 
bloodvessels  and  nerves  in  their  ramifications  between  these  parts.  The 
relation  of  these  different  subdivisions  of  a  muscle  to  each  other,  as  well 
as  the  shape  of  the  fasciculi  and  fibres,  is  well  shown  by  a  transverse 
section  (figs.  Lix.  and  lx.). 
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Section  IV.— ANGEIOLOGY. 

Under  the  name  of  Angeiology  is  included  tlio  descriptive  anatomy  of  tlie 
vascular  system,  consisting  of  the  heart,  blood-vessels  and  absorbents.  The 
heart  is  the  central  organ  of  the  circulation,  and  although  presenting  a  com- 
plex structure  and  mechanism,  may  be  regarded,  when  viewed  with  reference 
to  its  development,  as  a  curved  and  greatly  altered  blood-vessel.  The 
blood-vessels  are  of  three  kinds — viz.,  the  arteries,  or  ramifying  vessels  which 
distribute  the  blood  from  the  heart  ;  the  capillaries,  or  network  of  simple 
walled  microscopic  vessels,  in  which  the  blood  is  diffused  through  the 
tissues  ;  and  the  veins,  or  vessels  by  which  the  blood  is  returned  to  the 
heart.  The  absorbents  are  the  small  and  delicate  vessels  which  convey  into 
the  cu'culation  fluid  material  capable  of  being  converted  into  blood,  whether 
derived  directly  from  the  food  digested  in  the  alimentary  canal,  or  returned 
from  the  tissues  in  which  it  has  already  played  some  part  in  the  nutritive 
processes. 

The  double  circtdation, — In  the  systemic  circulation  the  blood  is  conveyed 
from  the  left  ventricle  of  the  heart  by  the  arteries  to  every  part  of  the  body, 
and  having  parted  in  the  capillaries  with  a  portion  of  its  ingredients,  and 
undergone  changes  which  render  its  purification  necessary,  it  is  returned  by 
the  veins  to  the  right  side  of  the  heart,  which  is  distinct  from  that  from 
which  it  set  out.  The  dark-coloured  blood  thus  brought  back  to  the  right 
side  of  the  heart  is  conducted  through  the  pulmonary  circulation,  being 
propelled  through  the  pulmonary  artery  by  the  right  ventricle,  undergoing 
in  the  lungs  a  process  of  purification,  in  which  it  receives  oxygen  from  the 
air  and  parts  with  carbonic  acid,  and  returning  thence  to  the  heart  by  the 
pulmonary  veins,  again  to  enter  the  systemic  circulation. 

THE  HEART. 

RELATION  TO  SURROUNDING  PARTS. 

^  The  heart  is  situated  in  the  thorax,  between  the  two  lungs,  and,  together 
with  the  adjacent  parts  of  the  great  vessels  which  convey  blood  to  and  from 
it,  is  enclosed  by  a  membranous  covering,  the  pericardium.  It  is  placed 
behind  the  sternum  and  the  costal  cartilages,  occupying  a  region  of  about 
four  inches  in  width,  extending  from  the  second  intercostal  space  on  the 
right  side  to  the  fifth  space  on  the  left,  and  reaching  considerably  farther  on 
the  left  than  on  the  right  of  the  middle  line. 

THE  MEDIASTINUM. 

_  The  greater  part  of  the  thorax  is  occupied  by  the  lungs,  each  of  which  is 
mvested  with  a  serous  membrane,  the  pleura,  which  presents  a  parietal  and 
a  visceral  portion,  and  is  continued  from  the  one  portion  to  the  other  by 
passing  on  the  surface  of  the  pericardium  from  the  anterior  and  posterior 
parts  of  the  walls  of  the  chest  to  the  root  of  the  lung.  Thus  the  heart, 
enclosed  m  the  pericardium,  is  situated  between  the  right  and  left  pleural 
sacs  and  between  the  layers  of  an  antero-posterior  septum  formed  by  the 
united  portions  of  the  right  and  left  pleurae,  and  known  as  the  mediastinum. 
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Fig.  224. — Cteneral  VrEW  ov  the  Pkinoipal  Organs  of  CrROULATiON,  from  before 

AND  FROM  THE  niOnT  SIDE  IN  A  MaLE  AdULT.  i 

A,  Right  auricle  ;  B,  left  auricular  appendix ;  0,  right  ventricle ;  D,  small  part  of  the 
left  ventricle  ;  I,  placed  on  the  first  part  of  the  aortic  arch ;  and  on  the  descending  aorta; 
II,  trunk  of  the  pulmonary  artery  dividing  into  its  right  and  left  branches,  and  connected 
to  the  aorta  by  the  cord  of  the  ductus  arteriosus;  III,  vena  cava  superior ;  IV,  vena 
cava  inferior. 

1,  innominate  artery  and  right  carotid  ;  1',  left  carotid ;  2,  right  and  left  subclavian 
arteries  ;  3,  intercostal  vessels  marked  only  in  three  spaces  ;  4,  above  this  figure  the 
inferior  diaphragmatic  arteries,  below  it  the  cajliac  axis  and  superior  mesenteric  artery  ; 
5,  renal  arteries  ;  6,  above  this  figure  the  spermatic  arteries,  and  below  it  the  inferior 
mesenteric ;  6',  the  farther  course  of  the  spermatic  vessels,  on  the  right  side  they  are 
seen  to  pass  through  the  outer  abdominal  ring  before  descending  to  the  testis  ;  7,  7',  right 
and  left  common  iliac  arteries  ;  8,  8',  external  iliac  arteries  ;  9,  epigastric  and  cir- 
cumflex iliac  arteries  of  the  left  side;  10,  10',  internal  iliac  arteries;  and  between  these 
two  figures  the  middle  sacral  artery  ;  11,  femoral  arteries ;  12,  some  branches  of  the 
profunda  femoris  artery  of  the  left  side. 

a,  right  innominate  or  brachio-cephalic  vein  ;  a',  the  left ;  6,  V,  right  and  left  sub- 
clavian veins  ;  b",  the  cephalic  vein  of  the  right  arm;  c,  c',  internal  jugular  veins ;  c", 
right  facial  vein  joining  the  internal  jugular  ;  d,  external  jugular  veins  formed  by  the 
posterior  auricular  and  temporal  veins ;  d',  anterior  jugular  veins  with  the  transverse 
joining  the  external  jugular  ;  e,  azygos  vein  passing  over  the  root  of  the  right  lung ;  /, 
one  of  the  hepatic  veins  ;  g,  placed  on  the  vena  cava  inferior  at  the  origin  of  the  renal 
veins ;  to  the  sides  are  seen  the  kidneys  and  the  suj)rarenal  bodies  ;  (/,  right,  g",  left 
ureter ;  /t,  right  sjiermatic  vein ;  h',  the  left,  joining  the  left  renal  vein  ;  i,  i,  common 
iliac  veins  ;  H,  i',  external  iliac  veins  ;  k,  femoral  veins  ;  I,  saphenous  vein  of  the  right 
side. 

The  part  of  this  septum,  behind  the  pericardium  is  distinguished  as  the 
posterior  mediastinum;  it  is  in  front  of  the  bodies  of  the  vertebrae,  and 
within  its  cavity  are  the  trachea,  the  oesophagus,  the  thoracic  duct,  the 
descending  aorta,  the  vena  azygos,  and  the  pneumogastric  nerves,  with  lym- 
phatic vessels  and  areolar  tissue.  The  middle  mediastinum  is  the  name 
given  to  the  larger  space,  which  is  occupied  by  the  pericardium  and  its 
contents.  The  anterior  mediastinum,  in  front  of  the  pericardium,  is  narrow 
and  of  little  depth  ;  but  a  knowledge  of  its  situation  is  important  to  the  phy- 

Fig.  225. — A  DiAGRAMMATIO 

Representation  of  tub 
Heart  and  Great  Ves- 
sels  IN   CONNECTION  WITH 

the  Lungs,  a 

The  pericardium  has  been 
removed,  and  the  lungs  are 
turned  aside.  1,  right  au- 
ricle ;  2,  vena  cava  superior ; 
3,  vena  cava  inferior ;  4,  right 
ventricle  ;  5,  stem  of  the  pul- 
monary artery ;  a,  a,  its  right 
and  left  branches;  6,  left 
auricular  appendage ;  7,  left 
ventricle ;  8,  aorta ;  9,  10, 
two  lobes  of  the  left  lung ; 
11,  12,  13,  three  lobes  of  the 
rfght  lung  ;  h,  b,  right  and 
left  bronchi ;  v,  v,  right  and 
left  upper  pulmonaiy  veins, 

sician,  as  it  is  connected 
with  the  position  of  the 
anterior  margins  of  the 
lungs  relatively  to  the  heart :  at  its  superior  part  a  small  interval  is  left 
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THE  HEART. 


between  the  two  layers  of  pleura  whicli  bound  it,  and  in  tliis  are  contained 
the  vestiges  of  the  thymus  gland  ;  behind  the  second  piece  of  the  sternum 
the  pleurre  of  opposite  sides  come  into  contact,  and  the  anterior  mediastinum 
is  reduced  to  a  thin  septum ;  while  lower  down  it  is  inclined  to  the  left,  and 
widened  out  into  an  angular  space  of  some  breadth,  by  the  margin  of  the 
left  pleura  receding  from  the  sternum  :  opposite  the  lower  part  of  this  space 
the  apex  of  the  heart  is  situated,  and  in  front  of  it  is  placed  the  triangularis 
sterni  muscle. 

THE  pebicaedium:. 

This  membranous  bag,  in  which  the  heart  is  containe'd,  is  of  a  somewhat 
conical  shape,  its  base  being  attached  below  to  the  upper  surface  of  the 
diaphragm,  whilst  the  apex,  or  narrower  part,  surrounds  the  great  vessels 
which  spring  from  the  cavities  of  the  heart,  as  far  as  their  first  subdivisions. 
It  consists  of  two  layers,  one  external  and  fibrous,  the  other  internal  and 
serous. 

The  fibrous  layer  is  a  dense,  thick  and  unyielding  membrane,  consisting 
of  fibres  which  interlace  in  every  direction.  At  the  base  of  the  pericardium 
these  fibres  are  firmly  attached  to  those  of  the  central  aponeurosis  of  the 
diaphragm  ;  and  above,  where  the  pericardium  embraces  the  large  blood- 
vessels, the  fibrous  layer  is  continued  on  their  surface  in  the  form  of  tubular 
prolongations,  which  become  gradually  lost  upon  their  external  coats.  The 
superior  vena  cava,  the  four  piilmonary  veins,  the  aorta,  and  the  right  and 
left  divisions  of  the  pulmonary  artery,  in  all  eight  vessels,  receive  pro- 
longations of  this  kind. 

The  serous  layer  not  only  lines  the  fibrous  layer  of  the  pericardium  and 
the  part  of  the  diaphragm  to  which  that  layer  is  attached,  but  like  other 
serous  membranes,  is  reflected  on  the  surface  of  the  viscus  which  it  invests. 
It  has,  therefore,  a  visceral  and  a  parietal  portion.  The  parietal  portion 
adheres  firmly  by  its  outer  surface  to  the  fibrous  membrane,  and  becomes 
continiious  with  the  visceral  portion  upon  the  arch  of  the  aorta  and  other 
great  vessels,  about  two  or  two  and  a  half  inches  from  the  base  of  the  heart. 
In  passing  round  the  aorta  and  pulmonary  artery,  it  encloses  both  those 
vessels  in  a  single  short  tubular  sheath.  It  is  reflected  also  upon  the 
superior  vena  cava  and  on  the  four  pulmonaiy  veins,  and  forms  a  deep 
recess  or  prolonged  cavity  between  the  entrance  of  the  right  and  left  veins 
into  the  left  auricle.  The  inferior  vena  cava  receives  only  a  very  scanty 
covering  of  this  membrane,  inasmuch  as  that  vessel  enters  the  right  auricle 
almost  immediately  after  passing  through  the  diaphragm,  and  is  only 
partially  surrounded  by  a  reflection  of  the  pericardium  in  the  narrow 
interval  between  these  parts.  None  of  the  vessels,  indeed,  joining  the 
heart,  with  the  exception  of  the  aorta  and  pulmonary  artery  where  they  are 
united  together,  receive  a  complete  covering  from  the  pericardium,  or  can 
be  said  to  pass  entirely  through  the  sac :  portions  only  of  the  membrane  are 
inflected  round  them  more  or  less  fully. 

On  separating  the  left  pulmonary  artery  and  subjacent  pulmonary  vein,  a  fold  of 
the  pericardium  will  be  seen  between  them,  which  has  been  termed  by  Marshall  the 
"vestigial  fold  of  the  pericardium."  It  is  formed  by  a  duplicature  of  the  serous 
membrane,  including  areolar  and  fatty  tissue,  together  with  some  fibrous  bands, 
blood-vessels,  and  nerves.  It  is  from  half  to  three-quarters  of  an  inch  in  length,  and 
from  a  half  to  one  inch  deep.  Above  the  pulmonary  artery  it  blends  with  the  peri- 
cardium, and  passes  onwards  to  the  left  superior  intercostal  vein.  Below,  it  is  lost, 
on  the  side  of  the  left  auricle,  in  a  narrow  streak  which  crosses  round  the  lower  left 
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Fig.  226. — Semi-diageammatio  View  op  the  Perioakditjm  from  behind,  designed 

TO    SHOW    the    PRlNOIPAIi    INFLECTIONS    OP    THE    SeROUS    SaO    ROUND    THE  GrEAT 

Vessels.  4 

The  drawing  is  taken  from  a  preparation  in  -whioli  the  heart  and  vessels  had  been 
partially  filled  by  injection,  the  pericardium  inflated  and  dried  in  the  distended  state,  and 
the  fibrous  continuation  on  the  vessels  removed.  By  the  removal  of  a  portion  of  the 
pericardium  from  behind  the  right  and  left  cavities  of  the  heart,  the  position  of  that 
organ  is  made  apparent.  A  bent  probe  is  passed  within  the  pericardium  from  behind 
the  right  auricle  in  front  of  the  vena  cava  inferior  to  the  back  of  the  left  ventricle,  which 
may  indicate  the  place  where  the  large  undivided  sac  of  the  pericardium  is  folded  round 
that  vein.  A,  posterior  surface  of  the  right  auricle  ;  A',  the  same  of  the  left ;  V,  right 
ventricle  ;  V,  left  ventricle  ;  Ao,  the  upper  and  back  part  of  the  aortic  arch  ;  b,  innomi- 
nate artery  ;  C,  vena  cava  superior  ;  az,  azygos  vein  ;  C,  vena  cava  inferior  between  the 
diaphragm  and  its  union  with  the  right  auricle ;  c",  great  coronary  vein  ;  + ,  cord  of  the 
ductus  arteriosus  ;  P,  the  right,  P',  the  left  pulmonary  artery  ;  p,  the  right,  j)',  the  left 
pulmonary  veins  ;  D,  the  back  of  the  central  tendon  of  the  diaphragm  ;  1,  the  great 
undivided  sac  of  the  pericardium  proceeding  from  before  backwards  towards  its  inflections 
round  the  vessels  ;  2,  portion  of  this  on  the  right  side  which  partially  surrounds  the  vena 
cava  superior,  the  upper  and  lower  right  pulmonary  veins,  and  the  vena  cava  inferior  ;  3, 
the  portion  of  the  left  side  which  partially  surrounds  the  vena  cava  inferior  ;  4,  the 
portion  which  is  extended  upwards  behind  the  left  auricle,  and  partially  folds  over  the 
pulmonary  arteries  and  veins,  and  which  meets  between  these  difierent  vessels  the 
extensions  of  the  main  sac  from  the  right  and  left ;  5,  tubular  portion  of  the  pericardium 
which  completely  surrounds  the  aortic  and  pulmonary  arterial  trunks. 

pulmonary  vein.  This  is  shown,  by  Marshall,  to  be  a  vestige  of  the  cardiac  termi- 
nation of  the  great  left  anterior  vein  existing  in  early  embryonic  life.  (Marshall, 
"  On  the  development  of  the  great  anterior  Veins  in  Man  and  Mammalia,"  Philosopb. 
Trans.  1850.   Part  I.  See  hereafter  the  figures  of  the  coronary  vein.) 
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EXTERNAI  FORM  OF  THE  UEART. 

The  heart  is  a  hollow  muscular  organ,  divided  by  a  longitudinal  septum 
into  a  right  and  left  half,  each  of  which  is  again  subdivided  by  a  transverse 
constriction  into  two  compartments,  communicating  with  each  other,  and 
named  auricle  and  ventricle.  Its  general  form  is  that  of  a  blunt  cone,  flattened 
on  its  under  surface.  The  broader  end  or  base,  by  which  it  is  attached,  is 
directed  upwards,  backwards,  and  to  the  right,  and  extends  from  the  level 
of  the  fourth  to  that  of  the  eighth  dorsal  vertebra.  The  apex  is  turned 
downwards,  foi-wards,  and  to  the  left,  and  corresponds  in  the  dead  body  with 
the  cartUage  of  the  sixth  rib.  In  the  living  subject  its  stroke  against  the 
walls  of  the  chest  is  felt  in  the  space  between  the  cartilages  of  the  fifth  and 
sixth  ribs,  a  little  below  and  within  the  left  mammilla.  The  heart,  there- 
fore, has  an  oblique  j)osition  in  the  chest,  and  besides  this  is  nonsymmetrically 
placed,  as  it  projects  farther  into  the  left  than  into  the  right  half  of  the 
thoracic  cavity,  passing  on  an  average  about  an  inch  or  an  inch  and  a  half 
beyond  the  middle  line  in  the  one  direction,  and  upwards  of  three  inches 
in  the  other.  Its  position  is  afi"ected  more  or  less  by  that  of  the  body  ; 
thus  it  comes  more  extensively  into  contact  with  the  anterior  walls  of  the 

Fig.  227.  —  View  of  the  Heart  and 
Gkeat  Vessels  from  before  (from  B, 
Quain).  i 

The  pulmonary  artery  lias  been  cut  short 
close  to  its  origin  in  order  to  show  the  first 
part  of  the  aorta.  1,  anterior  part  of  the 
right  ventricle ;  2,  left  ventricle ;  3,  root  of 
the  pulmonary  artery  ;  4,  ascending  part  of 
the  arch  of  the  aorta ;  4',  the  posterior  or 
descending  part  of  the  arch  ;  between  these 
is  seen  the  transverse  or  middle  part  fi'om 
which  the  brachio-cephalic  arteries  take  their 
origin  ;  4",  the  descending  thoracic  aorta  ; 
5,  the  appendix  and  anterior  part  of  the 
right  auricle  ;  6,  those  of  the  left  auricle  ; 
7,  the  right,  and  7',  left  innominate  or 
brachio-cephalic  veins  joining  to  form  the 
vena  cava  superior  ;  8,  the  inferior  vena 
cava  below  the  diaphragm ;  9,  one  of  the 
large  hepatic  veins  ;  + ,  placed  in  the  right 
auriculo-ventricular  groove,  points  to  the 
right  or  posterior  coronary  artery ;  +  + , 
placed  in  the  anterior  inter-ventricular 
groove,  points  to  the  left  or  anterior  coronary 
artery. 

chest  when  the  body  is  in  the  prone 
posture  or  lying  on  the  left  side. 
In  inspiration,  on  the  other  hand, 
when  the  diaphragm  sinks  and  the 
lungs  expand,  its  apex  is  withdrawn 
from  the  thoracic  parietes. 
At  its  base  tho  heart  is  directly  attached  to  the  great  blood-vessels,  and 
it  is  also  connected  with  them  by  tho  serous  layer  of  the  pericardium, 
which  passes  from  the  one  to  the  other.    In  the  remainder  of  its  extent  the 
heart  is  entirely  free,  and  movable  witliin  the  sac  of -the -pericardium.  ■  The 
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anterior  surface  is  convex  in  its  general  form  ;  it  is  turned  upwards  as  well 
as  forwards,  and  is  directed  towards  the  sternum  and  costal  cartilages  : 
from  these,  however,  it  is  partly  separated  by  the  lungs,  the  forepart  of 
these  organs  advancing  over  it  to  some  extent,  and  encroaching  still  farther 
during  inspiration,  so  as  in  that  condition  to  leave  usually  not  more  than 
two  inches  square  uncovered.  The  posterior,  which  is  also  the  under  surface, 
is  flattened,  and  rests  on  the  diaphragm.  Of  the  two  borders  or  margins 
formed  by  the  meeting  of  the  anterior  and  posterior  surfaces,  the  right  or 
lower  border,  called  manjo  acutus.,  is  comparatively  thin,  and  is  longer  than 
the  upper  or  loft  border,  which  is  more  rounded  and  is  named  mar  go 
oitusus. 

A  deep  transverse  groove,  the  aurimlo-ventrimlar  furrow,  interrupted  in 
front  by  the  root  of  the  pulmonary  artery,  divides  the  heart  into  the 
auricular  and  the  ventricular  portions  ;  and  on  the  ventricular  portion  two 
longitudinal  furroios  indicate  the  position  of  the  anterior  and  posterior 
borders  of  the  septum  which  divides  one  chamber  from  the  other. 


Fig.  228. 


Fig.  228.  —  View  op  the 
Heart  and  Great  Vessels 
FKOM  BEHIND  (from  R.  Quaiu). 

1,  posterior  surface  of  the 
right  ventricle  ;  2,  the  same  of 
the  left ;  3,  placed  on  the  back 
of  the  right  pulmonary  artery 
near  the  division  of  the  primary 
trunk ;   3',    branches   of  the 
right  pulmonary  artery  passing 
into  the  root  of  the  right  lung ; 
3",  the  same  of  the  left ;  4', 
back  part  of  the  arch  of  the 
aorta ;  4",  descending  thoracic 
aorta ;   5,  part  of  the  right 
auricle  ;  6,  is  placed  on  the 
division  between  the  right  and 
left  auricles  ;  7,  superior  vena 
cava ;  7',  left  vena  innominata ; 
8,  trunk  of  the  inferior  vena 
cava;  9,  right  .large  hepatic 
vein ;  10,  11,  12,  right  pul- 
monary veins ;    13,   14,  left 
pulmonary  veins  ;  + ,  + ,  pos- 
terior branches  of  the  right  and 
left  coronary  arteries. 


The  auricular  portion,  situated  above  and  behind  the  transverse  furrow,  is 
thm  and  flaccid,  and  is  immediately  connected  with  the  great  veins  •  it  is 
divided  by  an  mternal  septum  into  two  distinct  cavities,  which  have  received 
the  names  of  the  right  and  left  auricles,  from  the  circumstance  that  each  is 
provided  with  an  appendage  somewhat  resembling  the  ear  of  a  do.r  The 
ventricular  portion  placed  below  and  in  front  of  the  transverse  groove,  is 
somewhat  conical,  flattened  on  its  posterior  or  under  surface,  has  very  thick 
walls,  and  is  connected  with  the  great  arterial  trunks.  The  two  longitudinal 
orthranw  "  ^^^l^t  and  left  chamber,  situated  one 

otLrrST  ^  '^'''"^  ''''''''  ^""-^       continuous  one  with  the 

waU  of  tt«  1  1'?^*  ^i^^^'  '^^"^^^     thus  formed  entirely  by  the 

wall  of  the  left  ventricle.    The  anterior  longitudinal  furrow  is  nearer  to 
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the  left  border,  whilst  the  posterior  furrow  approaches  nearer  to  the  right 
border  of  the  heart,  the  right  ventricle  forming  more  of  the  anterior,  and 
the  left  more  of  the  posterior  surface  of  the  organ.  Within  the  transverse 
and  longitudinal  furrows  are  placed  the  proper  nutrient  vessels  of  the  heart, 
the  coronary  or  cardiac  arteries  and  veins,  with  the  lymphatic  vessels  and 
aervea  imbedded  in  fatty  and  connective  tissue. 

INTERIOR  OP  THE  HEART. 

General  description. — Considered  in  respecb  of  function,  the  heart  is  a 
double  organ,  composed  of  a  right  and  a  left  part,  each  consisting  of  an 
auricle  and  a  ventricle.  The  right  portion  receives  into  its  auricle  from 
the  two  venae  cavse  and  coronary  veins  the  dark  venous  blood  returning 
from  the  various  parts  of  the  body  and  from  the  heart  itself,  and,  by  means 
of  its  ventricle,  propels  that  blood  through  the  pulmonary  artery  into  the 
lungs.  The  red  blood  returning  from  the  lungs  by  the  pulmonary  veins, 
reaches  the  left  auricle  of  the  heart,  and  is  forced  onwards  by  the  left 
ventricle,  through  the  aorta  and  its  branches  into  every  part  of  the  body. 
The  right  and  left  divisions  of  the  heart  present  in  various  respects  a 
similar  anatomical  structure,  and  the  features  which  are  common  to  both 
may  here  be  shortly  referred  to  before  passing  to  those  which  are  peculiar  to 
one  auricle  or  ventricle. 

Endocardium. — The  interior  of  the  whole  heart  is  invested  with  a  lining 
membrane,  similar  in  general  appearance  to  the  visceral  layer  of  peri- 
cardium which  covers  the  exterior,  but  belonging  to  the  class  of  vascular 
lining  membranes,  and  continuous  with  that  of  the  blood-vessels.  This 
internal  lining,  or  endocardium,  is  a  thin  transparent  membrane,  differ- 
ing slightly  on  the  two  sides  of  the  heart.  On  the  left  side  of  the  heart 
it  is  continuous  with  the  lining  membrane  of  the  pulmonary  veins  and 
aorta,  and  is  usually  found  more  opaque  than  on  the  right  side,  whence 
it  is  prolonged  into  the  veins  of  the  body  and  into  the  pulmonary 
artery. 

According  to  Theile,  the  endocardium  is  very  lliin  on  the  musculi  pectinati  of  the 
auricles  and  on  the  columnse  carnese  of  the  ventricles.  It  is  thicker,  however,  on  the 
smooth  walls  of  the  auricular  and  ventricular  cavities,  and  on  the  musculi  papillares, 
especially  near  their  tips.  It  is,  on  the  whole,  thicker  in  the  auricles  than  in  the 
ventricles,  and  attains  its  greatest  strength  in  the  left  auricle.  In  both  auricles  the 
endocardium  consists  of  three  layers.  On  the  free  surface  is  an  epithelial  stratum  of 
polygonal  cells.  Beneath  the  epithelium  is  a  network  of  elastic  fibres,  often  con- 
taining portions  of  fenestrated  membrane ;  and  connecting  the  latter  to  the  muscular 
substance  of  the  heart,  is  a  layer  of  areolar  tissue.  Purkinje  and  Raeuschel  (De 
Arteriarum  et  Yenarum  Structura.  Breslau,  1836.)  found  elastic  fibres  beneath 
the  endocardium  in  both  auricles,  and  in  the  corpora  Arantii,  but  not  in  the 
ventricles. 

The  auricles  are  both  of  them  divisible  into  a  large  cavity,  called  the 
atrhm,  or  sinus  venosus,  and  a  much  smaller  part  in  front,  the  aiiricidar 
appendage,  aimcula,  or  auricle  proper.  The  interior  of  the  atrium  pre- 
sents smooth  walls  in  the  greater  part  of  its  extent,  but  the  walls  of  the 
auricular  appendages  are  thrown  into  closely-set  reticulated  bands,  which 
in  the  right  extend  also  into  the  sinus,  and  are  named  musculi  pectinati. 
The  auricle,  both  on  the  right  and  the  left  side,  receives  the  blood  from 
the  veins,  and  transmits  it  into  the  corresponding  ventricle  by  the  auriculo- 
ventricular  opening. 
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The  ventricles,  on  a  great  part  of  their  inner  surfaces,  are  covered  mth  a 
number  of  irregular  rouuded  muscular  bands,  named  cohomncti  carneic,  wJiictt 
form  quite  a  network  iu  some  parts  of  the  ventricle,  and  may  be  classified 
into  three  kinds.  The  first  kind  form  merely  slightly  prominent  ndges  on 
the  walls  of  the  ventricle,  being  attached  by  one  of  their  sides  as  well  as  by 
the  two  extremities  ;  the  second  are  adherent  by  their  two  ends  only,  and 
are  free  in  the  rest  of  their  extent ;  whUst  the  thii-d  kind  form  a  few 
bundles,  named  miisculi  papillares,  which  are  directed  in  general  from  the 
apex  towards  the  base  of  the  ventricle,  in  which  they  are  attached  to  the 
muscular  wall  by  their  broader  bases,  and  tapering  more  or  less  at  their 
free  extremities  give  rise  to  small  tendinous  cords,  chordoi  tendinece,  through 
which  they  are  connected  with  the  segments  of  the  aunculo-ventncular 
valve.  Each  ventricle  has  two  orifices,  au  auriculo-ventricular  and  an 
arterial  opening. 


Fig.  229. — View  op  the  Base  Fig.  229, 

OP  THR  Ventricular  Part 
OP  THE    Heart,  showino 

THE    relative    POSITION  OP 

THE  Arterial  and  Atj- 
ricdlo-tentkicular  orifi- 
ces, I 

The  muscular  fibres  of  the 
ventricles  are  exposed  hj  the 
removal  of  the  pericardium, 
fat,  bloodvessels,  &c. ;  the  pul- 
monary artery  and  aorta  have 
heen  removed  by  a  section 
made  immediately  beyond  the 
attachment  of  the  semi-lunar 
valves,  and  the  auricles  have 
been  removed  immediately 
above  the  auriculo-ventricular 
orifices.  The  semilunar  and 
auriculo-ventricular  valves  are 
in  the  closed  condition;    1,  1, 

the  base  of  the  right  ventricle ;  1',  the  conus  arteriosus  ;  2,  2,  the  base  of  the  left 
ventricle  ;  3,  3,  the  divided  wall  of  the  right  auricle  ;  4,  that  of  the  left ;  5,  the  anterior, 
5',  the  posterior,  and  5",  the  left  or  septal  segment  of  the  tricuspid  valve  ;  6,  the  anterior 
or  aortic,  and  6'  the  left  and  posterior  segment  of  the  mitral  valve.  In  the  angles  between 
these  segments  are  seen  the  smaller  fringes  frequently  observed  ;  7,  the  anterior  part  of 
the  pulmonary  artery  ;  8,  placed  upon  the  posterior  part  of  the  root  of  the  aorta  ;  9, 
the  right,  9',  the  left  coronary  artery. 

Valves. — In  order  to  give  to  the  blood  propelled  by  the  contraction  of 
the  ventricles  its  duo  direction  through  the  arteries,  two  sets  of  valves  are 
provided,  one  of  which  prevents  the  regurgitation  of  blood  through,  the 
auriculo-ventricular  openings  into  the  auricles  during  the  contraction  of  the 
ventricles,  while  the  other  prevents  regurgitation  from  the  arteries  back  into 
the  ventricles  when  the  contraction  has  ceased.  These  valves  are  mainly 
formed  of  folds  of  the  endocardium  with  some  fibrous  tissue  contained 
within  them. 

The  auricido-ventricidar  valves  are  composed  of  membranous  flaps  or 
segments,  which  are  three  in  number  in  the  valve  of  the  right  side,  and 
two  in  that  of  the  left.  At  their  bases,  the  several  segments  are  con- 
tinuous with  one  another,  so  as  to  form  an  annular  membrane  attached 
round  the  margin  of  the  auricular  opening  :  they  are  directed  downwards, 
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wlucli  axe  attached  to  their  ventricular  surfaces  and  free  margins. 


Fig.  230. — Views  op  parts  op 
THE  Semilunar  and  Mitral 
Valves,  as  seen  from  within 
THE  Ventricle. 

A,  portion  of  the  pulmonary 
artery  and  wall  of  the  right  ven- 
tricle with  one  entire  segment  and 
two  half  segments  of  the  semi- 
lunar valves  ;  a,  half  the  sinus  of 
Valsalva  of  the  anterior  segment ; 
b,  the  same  of  the  left  posterior  seg- 
ment ;  c,  the  entire  right  posterior 
segment  (see  Fig.  231,  A,  in  which 
the  lettering  is  the  same  as  in  the 
present  figure)  ;  d,  d',  inner  sur- 
face of  the  ventricle ;  1,  the 
attachment  of  the  extremities  of 
the  segments  to  the  inner  wall  of 
the  artery  ;  2,  the  middle  of  the 
attached  border  of  the  segments  ; 
3,  the  middle  of  the  free  border 
marked  in  two  of  the  segments  ; 
upon  the  middle  segment  especially 
the  direction  of  the  bands  of  fibres 
strengthening  the  valve,  as  repre- 
sented by  Pettigrew,  is  shown. 

B,  portion  of  the  aorta  and  wall 
of  the  left  ventricle  with  one  entire 
segment  and  two  half  segments  of 
the  semilunar  valve,  and  the  right 
or  anterior  segment  of  the  mitral 
valve ;  a,  half  the  right  anterior 
sinus  of  Valsalva  and  segment 
(marked  b  in  B,  fig.  231)  ;  6, 
the  same  of  the  left  side  ;  c,  the 
posterior  sinus  of  Valsalva  and 
segment  entire;  in  a,  and  b,  the 
apertures  of  the  coronary  arteries 
are  seen  ;  d,  d',  the  inner  surface 
of  the  wall  of  the  ventricle  to  the 
right  of  the  auriculo-ventricular 
orifice ;  1,  1,  the  attachments  of 
the  extremities  of  the  segments  ;  2, 
the  middle  of  the  attached  borders; 
3,  the  middle  of  the  free  border 
with  the  corpus  Arantii  shown  in 
the  middle  segment ;  c,  e',  the 
base  of  the  right  or  anterior  seg- 
ment of  the  mitral  valve ;  /,  its 
apex ;  between  e,  and      and  /, 

the  attachment  of  the  branched  chordee  teudineas  to  the  margin  and  outer  surface  of  the 
valve  segment ;  (/,  the  posterior  principal  musculus  papillaris  ;  h,  the  anterior  principal 
musculus  papillaris  :  the  cut  chordoe  tendinese  are  those  whicli  belong  to  the  left  or  pos- 
terior segment  and  the  small  or  intermediate  segments. 

During  the  contraction  of  the  ventricles,  the  segments  of  the  valves  are 
applied  to  the  openings  leading  from  the  auricles,  and  prevent  the  blood  from 
rushing  back  into  those  cavities.  Being  retained  by  the  cliordas  tendinese, 
the  expanded  flaps  of  the  valve  resist  the  pressure  of  the  blood,  -wliich 
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would  otlienvise  force  them  back  through  the  auricular  orifice ;  the  papillary 
inusclesj  shortening  as  the  cavity  of  the  ventricle  itself  is  contracted  during 
its  systole,  are  supposed  thus  to  prevent  the  valves  frona  yielding  too  much 
towards  tlie  auricle,  which  might  have  been  the  case  had  the  chordas  ten- 
diuece  been  longer,  or  fixed  dii'ectly  into  the  wall  of  the  ventricle.  The 
middle  part  of  each  segment  is  tliicker  than  the  rest,  whilst  the  marginal 
part  is  tliinner,  more  transparent,  and  jagged  at  the  edges.  In  the  angles 
between  each  pair  of  the  principal  segments  of  the  auriculo-ventricular  valves 
there  may  be  found,  but  not  constantly,  as  many  smaU  intermediate  lobes. 
The  musculi  papillares  are  arranged  in  groups  as  many  as  there  are  seg- 
ments of  the  valve,  and  the  chordiB  tendinete  from  each  are  distributed 
to  the  adjacent  sides  of  two  different  valves,  so  as  to  draw  their  margins 
together. 

According  to  Kurschner  (Wagner's  Handwortcrbuch,  art.  "  Herzthatigkeit "),  three 
kinds  of  cords  belong  to  each  segment :  a,  the  first  set,  generally  two  to  four  in  number 
and  proceeding  from  two  different  sets  of  papillce,  or  from  one  of  these  and  the 
wall  of  the  ventricle,  run  to  the  base  or  attached  margin  of  the  segment,  and  are 
there  connected  also  with  the  tendinous  ring  round  the  auriculo-ventricular  opening ; 
h,  the  second  set,  more  numerous,  and  smaller  than  the  first,  proceed  also  from  two 
adjacent  papillary  muscular  groups,  and  are  attached  to  the  back  or  ventricular  surface 
of  each  segment  at  intervals  along  two  or  more  lines  extending  from  the  points  of 
attachment  of  the  tendons  of  the  first  order  at  the  base  of  the  valve  to  near  its  free 
extremity ;  c,  the  third  set,  Which  are  still  more  numerous  and  much  finer,  branch 
oflF  fi-om  the  preceding  ones,  and  are  attached  to  the  back  and  edges  of  the  thinner 
marginal  portions  of  the  valves.  A  few  muscular  fibres  prolonged  from  the 
neighbouring  walla  penetrate  into  the  segments  of  the  auriculo-ventricular 
valves. 


Pis'.  231. 


Fig.  231. — The  SEMiLrNAR  Valves  of 

THE  AOUTA  AND  PuLMONART  AeTERV, 
SEEN  FROM  THEIR  DlSTAL  SiDE. 

A,  transverse  section  of  the  pulmonary 
artery  immediately  above  the  attach- 
ment of  the  semilunar  valves :  a,  the 
anterior  segment ;  &,  the  left,  and  c,  the 
right  posterior  segments  :  in  each  the 
sinus  of  Valsalva  is  seen,  and  between 
them  the  attachment  of  the  ends  of  the 
valvc-segments  to  the  inner  wall  of  the 
artery. 

B,  a  similar  section  of  the  aorta, 
showiog  the  semihmar  valves  from  their 
distal  side  :  a,  the  left,  5,  the  right 
anterior  segments,  with  the  sinuses  of 
Valsalva,  from  which  the  corresponding 
coronaiy  arteries  are  seen  to  take  their 
origin ;  c,  the  posterior  segment ;  d, 
the  right,  or  posterior;  c,  the  left,  or 
anterior  coronary  arteries. 

Tlio  semilunar  or  sigmoid  valves, 
placed  at  the  mouths  of  the  aorta 

and  pulmonary  artery,  consist  of  three  semicircular  folds,  each  of  wliich  is 
attached  by  its  convex  border  to  the  side  of  the  artery  at  tho  place  where 
It  joms  with  the  ventricle,  whilst  its  other  border,  nearly  straight,  is  free, 
and  projects  mto  the  interior  of  tlie  vessel.    They  are  composed  of  dupli- 
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catures  of  the  endocardium,  and  of  enclosed  fibrous  structure,  which  varies 
in  tluckness  at  different  parts.  A  tendinous  band  strengthens  the  free 
margin  of  the  valve,  and  is  attached  at  the  middle  of  that  margin  to  a  sUght 
fibro-cartilaginous  thickening,  the  nodulus  or  corpus  Arantii.  Other  ten- 
dinous  fibres,  spreading  out  from  the  attached  border  of  the  valve,  run 
into  the  valve  and  towards  the  nodule,  occupying  its  whole  extent,  except 
two  narrow  lunated  portions,  one  on  each  side,  adjoining  the  free  margin  of 
the  valve.  These  parts,  which  are  named  lumdce,  are  therefore  tliinner  than 
the  rest.  There  is  also  a  strengthening  fibrous  cord  surrounding  the 
attached  border  of  each  valve.  (For  further  information  regarding  the 
structure  of  the  valves,  consult  Pettigrew,  in  Trans.  Boy.  Soc.  Edin 
1864.) 

Dui'ing  the  contraction  of  the  ventricle  the  valves  lie  against  the  sides  of 
the  artery,  and  allow  the  blood  to  flow  freely  past  them  ;  but  during  the 
ventricular  diastole,  when  the  column  of  fluid  in  the  artery  is  partially 
thrown  back  by  the  elasticity  of  the  coats  of  that  vessel,  the  sigmoid  valves 
are  distended  by  the  regurgitating  blood,  and  completely  close  the  arterial 
orifice.  When  the  valves  are  thus  closed,  the  whole  free  border  and  the 
thin  lunated  parts  are  closely  applied  to  each  other,  and  are  held  together 
as  well  as  exempted  from  strain  by  the  opposite  and  equal  pressure  of  the 
blood  on  either  side,  so  that  the  greater  the  pressure  the  more  accurate 
must  be  the  closure.  The  force  of  the  reflux  is  sustained  by  the  stouter 
and  more  tendinous  part  of  the  valve.  (Retzius,  in  Muller's  Arcliiv.,  1843, 
p.  14.) 

Opposite  the  pouches  formed  by  the  sigmoid  valves,  the  commencing 
aorta  and  pulmonairy  artery  present  dilatations  or  recesses  in  their  walls, 
called  sinuses  of  Valsalva,  which  give  to  the  transverse  section  of  the  vessel 
a  trilobate  form,  and  as  one  of  these  is  placed  behind  each  segment  of  the 
valve,  it  thus  forms  along  with  it  a  cup- shaped  cavity. 

Special  desckiption. — The  detailed  anatomy  of  the  four  cavities  of  the 
heart  may  be  conveniently  considered  in  the  order  of  the  course  of  tlie 
blood  in  its  double  circulation  through  them  from  the  vense  cavse  to  the 
aorta. 

1.  The  EIGHT  AUKICLE  forms  the  right  anterior  and  lower  part  of  the 
base  of  the  heart,  and  is  in  contact  below  with  the  pericardium  where  it 
lies  upon  the  diaphragm  :  it  receives  blood  in  two  large  streams,  from 
the  superior  and  the  inferior  vena  cava,  besides  the  smaller  quantity  from 
the  coronary  vein.  At  its  fore  part  its  auricular  appendage  projects  for- 
wards and  to  the  left,  in  front  of  the  aorta,  as  far  as  the  pulmonary  artery. 
This  part  is  triangular  in  form,  compressed  and  slightly  dentated  at  its 
border,  and  has  more  strongly  muscidar  walls  than  the  sinus  venosus. 
The  auricular  appendage  and  anterior  „waIl.._Qf  the  sinus  venosus  are 
closely  ridged  in  a  vertical  direction  with  musculi  pectinati  ;  the  remaining 
parts  of  the  walls  are  comparatively  smooth.  The  superior  vena  cava  is 
directed  downwards  and  forwards  into  the  upper  part  of  the  auricle,  while 
the  inferior  vena  cava  terminates  in  the  lower  and  back  part  by  a  consider- 
ably larger  opening,  which  is  directed  upwards  and  inwards.  In  the  floor 
of  the  auricle,  in  front  of  the  inferior  vena  cava,  is  the  auriculo-ven- 
tricular  opening,  leading  into  the  right  ventricle  ;  it  is  oval  in  form,  and 
about  an  inch  and  a  quarter  in  diameter,  admitting  three  fingers  easily. 
The  other  foramina  opening  into  the  right  auricle  are,  the  orifice  of  the  large 
coronary  vein  of  the  heart,  situated  between  the  opening  of  the  inferior 
vena  cava  and  the  auriculo-ventricular  opening,  and  a  number  of  small  pits, 
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foramina  Thehcsii,  some  of  which  are  recesses  closed  at  tHe  bottom,  whUst 
nthprs  are  the  mouths  of  minute  veins  (ven£B  minima  cordis). 

TTe  lift  and  posterior  side  of  the  auricle  is  formed  by  the  septum  aurvcu. 


Fig.  232.-TnH  Riam! 
Auricle  and  Ven- 
tricle OPENED  AND  A 
PART  OP  THEIR  RlQHT 

AND  Anterior  Walls 

REMOVED  so  AS TO  SHOW 
THEIR  INTERIOR.  4 

1,  the  superior  vena 
cava ;  2,  the  inferior  vena 
cava  at  the  place  where  it 
passes  through  the  dia- 
phragm, and  below  the 
hepatic  veins;    2',  the 
hepatic  veins  cut  short ;  3, 
placed  upon  the  tubercle 
of  Lower  within  the  cavity 
of  the  right  auricle  ;  3', 
placed  in  the  fossa  ovalis, 
below  which  is  the  Eusta- 
chian valve ;  3",  is  placed 
close  to  the  aperture  ot 
the  great  coronary  vein 
and  the  valve  of  Thebe- 
sius  ;    -I- ,  + 1  placed  in 
the    auriculo- ventricular 
groove,  where  a  narrow 
portion  of  the  adjacent 
walls  of  the  auricle  and 
ventricle  has  been  pre- 
served ;  4,  4,  the  cavity 
of  the  right  ventricle  on 
the  right  side  of  the  sep- 
tum, the  upper  figure  is 
immediately    below  the 
semilunar    valves  ;  4', 
large  right  columna  car- 
nea  ;  5,  the  anterior,  5', 

the  posterior,  and  5",  the  left  or  septal  segment  of  the  tricuspid  valve  ;  6,  placed  in  the 
interior  of  the  pulmonary  artery,  a  part  of  the  anterior  wall  of  that  vessel  having 
been  removed,  and  a  narrow  portion  of  it  preserved  at  its  commencement  where  the  semi- 
lunar valves  are  attached.  The  valves  are  represented  as  in  a  half-closed  position  ;  two 
of  the  segments  are  seen  fore-shortened,  the  third  sideways  ;  7,  concavity  of  the  aortic 
arch  close  to  the.  cord  of  the  ductus  arteriosus ;  8,  ascending  part  or  sinus  of  the  arch 
covered  at  its  commencement  by  the  auricular  appendix  and  pulmonary  artery  ;  9, 
placed  between  the  innominate  and  left  carotid  arteries  ;  10,  appendix  of  the  left  auricle  ; 
11,  11,  the  outside  of  the  left  ventricle,  the  lower  figure  near  the  apex. 


la/rum,  a  partition  which  separates  it  from  the  left  auricle.  At  the  lower 
part  of  this  septum,  and  just  above  the  orifice  of  the  inferior  vena  cava, 
is  situated  an  oval  depression  named  fossa  or  fovea  ovalis,  wliicli  is  the 
vestige  of  the  foramen  ovale  of  the  foetal  heart  (vestigium  foraniinis  ovalis), 
and  indicates  the  original  place  of  communication  between  the  two  auricles. 
It  is  bounded  above  and  at  the  sides  by  a  prominent  border,  wliicli  is 
deficient  below,  the  aimulus  ovalis  or  isthmus  Vieussenii.  Continuous 
with  the  anterior  inferior  extremity  of  the  annulus  ovalis  is  a  crescentic 
fold  of  endocardium,  the  Eustachian  .valve,  springing  from  the  anterior 
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margin  of  the  mfenor  vena  cava.  This  valve,  which  in  the  foetus  is  pro- 
portionally large,  and  serves,  in  conjunction  with  the  annulus  ovalis,  to 
direct  the  blood  from  the  inferior  vena  cava  through  the  foramen  ovale,  is  in 
the  adult  comparatively  small,  and  very  variably  developed,  being  often  cribri- 
form  or  perforated  by  numerous  foramina,  and  sometimes  reduced  to  a  few 
slender  filaments,  or  even  altogether  wanting.  The  mouth  of  the  coronary 
vein  is  likewise  protected  by  a  semicircular  valve,  which  is  sometimes 
double,  and  which,  though  previously  figured  by  Eustachius,  is  often  named 
the  valve  of  Thebesius.  The  coronary  vein  is  considerably  dilated  before  it 
enters  the  auricle,  and  this  dilated  portion,  which  has  muscular  parietes, 
is  commonly  termed  the  "  coronary  sinus."  At  the  junction  of  the 
coronary  vein  with  this  dilated  portion,  there  is  a  valve  consisting  of 
one  or  two  segments.  Other  small  veins  likewise  enter  the  coronary 
sinus,  each  of  them  protected  by  a  valve. 

The  superior  and  inferior  vense  cavse  being  both  directed  somewhat 
towards  the  left  side  at  their  terminations, .  the  wall  of  the  auricle  pre- 
sents internally  a  convexity  between  them,  which  has  received  the  some- 
what misleading  name  of  tubercle  of  Lower.  In  the  human  subject  this 
elevation  is  slight,  but  in  certain  quadrupeds  it  is  more  strongly  marked. 

Eunning  upwards  from  the  fossa  ovalis,  under  cover  of  the  annulus,  there  some- 
times exists  a  small  slit,  which  leads  beneath  the  annulus  into  the  left  auricle, 
forming  thus  an  oblique  and  valved  aperture  between  the  two  cavities.  More  rarely 
the  foramen  ovale  of  the  foetus  remains  so  patent  after  birth  as  to  interfere  with  the 
proper  course  of  the  circulation,  and  produce  the  pathological  condition  known  as 
cyanosis — by  the  mixture  of  some  dark  or  venous  blood  with  the  bright  red  or 
arterial  blood  of  the  left  auricle. 

2.  The  EIGHT  or  anterior  ventricle  extends  from  the  right  auricle 
towards  the  apex,  and  from  the  upper  and  anterior  part  of  its  base  sends 
upwards,  in  front  and  to  the  left  of  the  auriculo-ventricular  opening,  a 
smooth  conical  prolongation,  free  from  columnse  carnese,  and  named  infundi- 
bulum  or  conus  arteriosus  :  from  the  extremity  of  this  prolongation  of  the 
ventricular  cavity  the  pulmonary  artery  arises.  The  superficial  waU  of  this 
ventricle,  which  is  much  thicker  than  that  of  the  auricle,  but  thinner  than 
that  of  the  left  ventricle,  is  formed  by  the  part  of  the  heart  situated  to 
the  right  of  the  anterior  longitudinal  groove,  viz.,  the  right  border,  the 
larger  part  of  the  anterior  surface,  and  a  part  of  the  posterior.  The  internal 
or  left  wall  is  formed  by  the  septum  ventriculorum,  and  is  convex,  bulging 
to  the  right  into  the  ventricle,  so  that  a  transverse  section  of  the  cavity 
presents  a  crescentic  figure. 

The  valve  guarding  the  right  auriculo-ventricular  opening  is  named  the 
tricuspid  valve,  from  the  number  of  its  segments.  One  of  the  segments, 
the  smallest,  is  placed  towards  the  left  and  rests  upon  the  septum  of  the 
ventricles  ;  the  other  two  are  placed  more  to  the  right, — one  posteriorly 
against  the  right  wall  of  the  cavity,  while  the  other,  the  largest  of  all,  lying 
anteriorly,  is  interposed  between  the  auricular  and  arterial  openings,  and 
has  its  ventricular  surface  directed  forwards  and  upwards.  The  chordae 
tendinere  arise  chiefly  from  the  musculi  papillares,  but  some  also  from  the 
walls  of  the  ventricle  and  especially  from  the  septum.  Those  arising  from 
one  papillary  muscle  or  group  of  muscles  run  up  in  the  angular  interval 
between  two  adjacent  segments  of  the  valve,  and,  diverging  from  each  other, 
are  attached  to  both  segments. 

The  semilunar  valves  at  the  root  of  the  pulmonary  artery  are  more 
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deUcate  than  those  which  guard  the  aorta  ;  and  the  sinuses  of  Valsalva  are 

'T'^Sl^tt..  occupies  the  left  and  posterior  part  of  the  hase  of 
the  heart.  When  distended,  the  atrium  presents  from  behind,  where  it  is 
best  seen,  a  quadrilateral  appearjvnce.  In  front  it  rests  against  the  aorta 
a^d  pulmonaJ-y^ai-tery  ;  behind,  on  each  side,  fc  receives  two  V-^rnon^^  ' 
veins  those  from  the  loft  lung  entering  very  close  together;  and  on  the 
rf.ht'ifc  is  in  contact  with  the  other  auricle.    The  auncular  arpcndacje  l. 


Fig.  233.— The  Left  Auricle 
AND  Ventricle  opened  and 

A  PART  OP  TUEIR  ANTERIOR 

AND  Left  Walls  removed 
so  AS  to  show  their  In- 
terior. 4 

The  pulmonaiy  artery  Las 

been  divided  at  its  commence* 

ment  so  as  to  show  the  aorta  : 

the  opening  into  the  left  ven- 
tricle has  been  carried  a  short 

distance  into  the  aorta  between 

two  of  the  segments  of  the 

semi-lunar  valves  ;    the  left 

part  of  the  auricle  with  its 

appendix  has  been  removed. 

The  right  auricle  has  been 

thrown  out  of  view.    1,  the 

two  right  pulmonary  veins  cut 

short :  their  openings  are  seen 

within  the  auricle  ;  1',  placed 

within  the  cavity  of  the  auricle 

on  the  left  side  of  the  septum 
and  on  the  part  which  forms 
the  remains  of  the  valve  of  the 
foramen  ovale,  of  which  the 
crescentic  fold  is  seen  towards 
the  left  hand  of  1' ;  2,  a  narrow 
portion  of  the  wall  of  the  auricle 
and  ventricle  preserved  round 
the  auriculo-ventricular  orifice ; 
3,  the  left  part,  3',  the  right 
part  towards  the  septum  of  the 
cut  surface  of  the  wall  of  the 
ventricle,  seen  to  become  very 
much  thinner  towards  3",  at 
the  apex  ;  4,  a  small  part  of 
the  anterior  wall  of  the  left 
ventricle  which  has  been  pre- 
served with  the  principal  an- 
terior columna  carnea  attached  to  it ;  5,  5,  the  large  posterior  columno3  carneas ;  5',  the 
left  side  of  the  septum  within  the  cavity  of  the  left  ventricle  ;  G,  the  right  or  aortic  seg- 
ment, and  6',  the  left  or  parietal  segment  of  the  mitral  valve  ;  7,  placed  in  the  interior  of 
the  aorta  near  its  commencement  and  above  the  three  segments  of  its  semilunar  valve  which 
are  hanging  loosely  together;  7',  the  exterior  of  the  great  aortic  sinus ;  8,  the  upper  part 
of  the  conus  arteriosus  with  the  root  of  the  pulmonary  artei'y  and  its  semilunar  valves  ; 
8',  the  separated  portion  of  the  pulmonary  artery  remaining  attached  to  the  aorta  by  9, 
the  cord  of  the  ductus  arteriosus  ;  10,  the  arteries  rising  from  the  summit  of  the  aortic 
arch. 


the  only  part  of  the  left  auricle  seen  from  the  front :  it  extends  forwards 
from  the  left  side  of  the  atrium,  and  curves  towards  the  right  side,  resting 
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on  the  pulmonary  artery.  It  is  more  curved  than  that  of  the  right  auricle, 
and  its  margins  are  more  deeply  indented. 

The  interior  of  the  appendix  presents  musculi  pectinati  somewhat  similar 
to  those  in  the  right  side  of  the  heart,  but  the  walls  of  the  sinus  venosus 
are  altogether  smooth,  and  are  also  thicker  than  those  of  the  right  auricle. 
Posteriorly  are  the  openings  of  the  pulmonary  veins,  usually  two  on  each 
side,  and  entirely  without  valves.  The  two  veins  of  either  or  both  sides 
sometimes  unite  into  one  before  entering  the  auricle,  whilst  in  other  cases 
there  is  found  an  additional  opening,  most  frequently  on  the  right  side.  In 
the  lower  and  fore  part  of  the  auricle  is  situated  the  left  auriculo-ventricular 
orifice.  It  is  of  an  oval  form,  and  is  rather  smaller  than  the  corresponding 
opening  between  the  right  auricle  and  ventricle.  On  the  septum  between 
the  auricles,  a  slight  lunated  mark  or  depression  may  be  observed,  which  is 
the  vestige  of  the  foramen  ovale,  as  it  appears  upon  the  left  side.  The 
depression  is  limited  by  a  slight  crescentic  ridge,  the  concavity  of  which  is 
turned  upwards,  and  which  is  in  fact  the  now  adherent  border  of  a  mem- 
branous valve,  which  during  foetal  life  is  applied  to  the  left  side  of  the 
then  open  foramen  ovale. 

4.  The  LEFT  or  posterior  ventricle  occupies  the  left  border  of  the  heart, 
but  only  about  a  third  of  its  extent  appears  on  the  anterior  surface  of  the 
organ,  the  rest  being  seen  behind.  It  is  longer  and  narrower  than  the  right 
ventricle,  forming  by  itself  the  apex  of  the  heart,  as  the  right  ventricle  does 
not  reach  into  that  part.  The  cross  section  of  its  cavity  is  oval,  not  crescentic, 
the  septum  on  this  side  being  concave.    Its  walls,  which,  excepting  near  the 

Fig.  234. — Cross  Section  op 
THii  Ventricular  part  of 
THE  Heart  at  two-thirds 
FROM  THE  Apex,  lookiko  in- 
to THE  Cavities.  | 

1,  1',  cut  surface  of  the  -n'all  of 
the  right  ventricle ;  2,  2',  the 
same  of  the  left ;  3,  3',  the  same 
of  the  septum  ;  4,  the  principal 
columna  carnea  of  the  right  ven- 
tricle on  its  right  border  ;  4', 
some  of  those  on  the  septum  near 
the  front ;  4",  some  of  those  on 
the  posterior  wall  near  the  sep- 
tum ;  5,  the  principal  anterior 
columna  carnea  of  the  left  ven- 
tricle ;  5',  the  largest  of  those 
situated  posteriorly  in  the  left 
ventricle  ;  6,  the  deepest  part  of  the  cavity  of  the  right  ventricle  ;  7,  that  of  the  left 
ventricle  at  the  apex  of  the  heart. 

apex,  are  tlu-ee  times  as  thick  as  those  of  the  right  ventricle,  are  thickest  at 
the  part  where  the  ventricle  is  widest,  about  one-fourth  of  its  length  from  the 
base  ;  from  this  point  they  become  thinner  towards  the  auricular  opening, 
but  they  are  still  thinner  towards  the  apex  which  is  the  weakest  part.  The 
lining  membrane,  which  is  continuous  with  that  of  the  left  auricle  and  the 
aorta,  is  usually  less  transparent  than  that  of  the  right  ventricle,  especially 
in  later  life.  In  the  interior  of  the  cavity  are  noticed  columnaa  carnefe, 
musculi  papillares  with  chordae  tendinese,  and  two  orifices  guarded  Avith 
valves.  The  columnce.  carnecR  are,  on  the  whole,  smaller  than  those  of  the 
right  ventricle,  but  are  more  numerous  and  more  densely  reticulated. 


Fig.  234. 


THE  LEFT  VENTRICLE. 

Theii-  iutorscctions  aro  very  numerous  near  tlio  apex  of  tlio  cavity,  and  also 
along  its  posterior  wall,  but  the  upper  part  of  the  anterior  waU  and  septum 
is  comparatively  smooth.  The  musculi  papillares  are  collected  into  two 
bundles,  which  are  larger  than  those  of  the  right  ventricle,  and  are  formed 
one  from  the  anterior,  the  other  from  the  posterior  surface  of  the  ventricle. 
The  two  orifices  of  this  ventricle  are  situated  very  close  together,  with  one 
of  the  segments  of  the  auriculo-ventricular  valve  between  ;  the  auriculo- 
ventricular  opening  being  placed  at  the  left  and  posterior  part  of  the  base  of 
the  ventricle,  behind  and  to  the  left  of  that  which  leads  into  the  aorta. 

The  hicusind  or  mitral  valve,  which  guards  the  auriculo-ventricular  open- 
ing, resembles  in  structure  the  tricuspid  valve  of  the  right  ventricle,  but  it 
is  much  thicker  and  stronger  in  all  its  parts,  and  consists  of  only  two 
pointed  divisions  or  segments,  continuous  at  their  attached  bases.  Ihc 
larger  of  the  two  segments  is  suspended  obliquely  to  the  right  and  m  front 
of  the  other,  between  the  auricular  and  the  aortic  orifices  :  the  smaller  is 
situated  to  the  left  and  posterioriy,  and  close  to  the  wall  of  the  ventricle. 
There  is  usuaUy  a  smaller  lobe  at  each  angle  of  junction  of  the  two  principal 
segments,  more  apparent  than  those  of  the  tricuspid  valve. 

One  portion  of  the  chordce  tendineoe  from  each  musculus  papillaris  is 
distributed  to  half  of  one  segment,  and  the  other  portion  to  the  neighbour- 
ing side  of  the  other  segment,  so  that  when  the  musculi  papillares  contract, 
and  make  the  segments  tense,  they  also  cause  theii-  margins  to  approach  each 
other.  The  chordae  tendinese  are  stronger  and  less  numerous  than  in  the 
right  ventricle. 

The  arterial  or  aortic  orifice,  circular  in  form,  and  smaller  than  the 
auriculo-ventricular,  is  placed  in  front  and  to  the  right  of  that  opening, 
and  very  close  to  it,  being  separated  from  it  only  by  the  attachment  of 
the  anterior  segment  of  the  mitral  valve.  The  semilunar  valves  which 
guard  it  are  thicker  and  stronger  than  those  of  the  right  side  of  the  heart, 
the  lunulse  are  more  strongly  marked  off,  and  the  central  nodules,  or  corpora 
Arautii,  are  larger.  The  sinuses  of  Valsalva  are  more  strongly  marked  at 
the  mouth  of  the  aorta  than  at  the  commencement  of  the  pulmonary  artery, 
and  from  the  two  anterior  of  them  arise  the  right  and  left  coronary 
arteries  for  the  supply  of  blood  to  the  substance  of  the  heart. 


Position  of  the  Parts       the  Heaet  with  Relatiok  to  the  Wall 

OF  the  Thorax. 

The  exact  position  of  the  various  parts  of  the  heart  is  important  in 
reference  to  auscultation.  This  subject  has  of  late  been  carefuUy  investigated 
by  several  anatomists  ;  but  there  is  still  some  discordance  in  their  state- 
ments on  some  points,  caused  jjrobably  by  the  difiiculty  of  marking  with 
precision  the  situation  of  non-symmetrical  viscera  in  artificially  opened 
bodies,  and  in  part  j)erhaps  by  differences  naturally  existing  among  indi- 
viduals. The  following  statement  derived  from  Luschka  is  in  general  accor- 
dance with  tlie  results  of  others,  with  the  exception,  as  remarked  by  Walshe, 
that  most  of  the  positions  are  fixed  a  little  too  high.  Nearly  two-thirds  of 
the  bulk  of  the  heart  lie  to  the  left  of  the  middle  line.  The  upper  edge 
of  the  auricles  corresponds  with  a  line  extending  across  the  sternum  from 
the  second  right  into  the  first  left  intercostal  space.  The  auriculo-ventricular 
sulcus  corresponds  with  a  line  which  unites  the  sternal  end  of  the  fifth  right 
costal  cartilage  with  the  second  left  intercostal  space  beneath  the  middle  of 
the  second  costal  cartilage.    The  rounded  margin  formed  by  the  wall  of  the 
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left  ventricle  extends  from  tlie  second  lefb  intercostal  space  to  a  point  in  tlio 
Mth  space  p  aced  two  inches  vertically  below  the  nipple.  The  sharp  margin 
tormed  by  the  right  ventricle  passes  from  the  sternal  end  of  the  fifth  rirrht 
costal  cartilage,  and  crosses  behind  the  end  of  the  body  of  the  sternum  and 
the  sixth  left  costal  cartilage,  to  meet  the  other  margin  at  the  apex. 


Fig.  235. 


Fig.  235. — Semi-diagrammatio  representation  op  the  Chest,  with  the  Intercostal 
Spaces  dissected  in  front  to  show  the  position  op  the  Heart  and  Great 
Vessels,  as  seek  behind  the  Sternum  and  Costal  Cartilages  (from  Luschka  aud 
A.  Thomson). 

o,  right  clavicle  ;  6,  scalenus  anticus  muscle  ;  c,  stemo-mastoid  muscle  divided  ;  d,  pec- 
toral muscles  divided  ;  + ,  axillary  nerves  above  the  subclavian  artei'y  ;  e,  trachea  below  the 
isthmus  of  the  thyroid  body  ;  /,  /,  upper  surface  of  the  diaphragm ;  g,  g,  surface  of  the 
lungs;  (/,  on  the  left  side,  apex  of  the  lung  or  pleura  appearing  in  the  neck  ;  h,  right,  h', 
left  lobe  of  the  liver  ;  i,  stomach ;  k,  k,  transverse  colon  ;  I,  to  X,  first  to  tenth  ribs  near 
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their  cartilages ;  1,  placed  on  tlie  lower  part  of  the  manubrium  of  the  sternum,  and  on  the 
place  of  the°arch  of  the  aorta  indicated  by  dotted  lines  ;  2,  placed  in  the  second  left  in- 
tercostal space,  on  the  stern  of  the  pulmonary  artery  ;  3,  apex  of  the  right  auricle  ;  3 , 
its  most  prominent  part,  beliind  the  third  space  ;  3",  its  lower  part  at  the  junction  of  the 
sixth  and  seventh  right  costal  cartilages  with  the  sternum  ;  4,  left  auricular  appendix  ; 
0,  5,  right  ventricle  ;  G,  left  ventricle  ;  6',  apex  of  the  heart  :  the  white  line  outside  the 
heart  is  intended  to  indicate  the  external  pericardium,  as  if  the  anterior  half  were  re- 
moved by  a  transverse  incision  ;  7,  7,  vena  cava  superior  ;  8,  8,  internal  jugular  veins  ; 
9,  9,  subclavian  veins,  joining  the  jugular  ;  9,  7,  9,  innominate  veins  ;  the  right  rising 
behind  the  sterno-clavicular  articulation,  the  left  crossing  obliquely  behind  the  upper 
half  of  the  manubrium.  The  position  of  the  first  parts  of  the  innominate  artery,  left 
carotid  and  left  subclavian  arteries,  is  indicated  behind  and  below  this  vein  ;  9',  9',  outer 
part  of  the  subclavian  arteries.  It  is  to  be  observed  that  in  this  figure  the  attachment 
of  the  sixth  costal  cartilage  to  the  sternum  is  represented  a  little  too  high. 

The  auriculo-ventricular  openings  lie  in  tlie  line  of  the  auriculo-ventri- 
cular  sulcus.  The  middle  of  that  of  the  right  side  lies  behind  the  sternum, 
between  the  fourth  costal  cartilages,  and  the  anterior  cusp  of  the  tricuspid 
valve,  and  extends  to  the  fifth  left  costal  cartilage.  The  middle  of  the 
left  auriculo-ventricular  opening  is  in  the  second  intercostal  space,  less  than 
an  inch  to  the  left  of  the  sternum  ;  but  as  it  is  placed  deeply,  and  over- 
laid by  the  arterial  openings,  the  part  immediately  over  it  is  unfavourable 
for  auscultation,  which  is  therefore  best  conducted  at  the  point  of  impulse. 
The  orifice  of  the  pulmonary  artery,  according  to  Luschka,  is  placed  imme- 
diately to  the  left  of  the  sternum,  opposite  the  second  intercostal  space, 
the  free  margin  of  the  anterior  valve  reaching  up  to  the  lower  border  of 
the  second  rib.  The  aortic  orifice,  behind  the  insertion  of  the  third  left 
costal  cartilage  and  the  sternum,  is  on  a  slightly  lower  level  than  the  orifice 
of  the  pulmonary  artery,  and  is  covered  by  it  in  two-thirds  of  its  breadth. 
The  aortic  orifice  being  thus  concealed,  the  sounds  produced  within  it  are 
best  heard  at  the  spot  where  the  aorta  approaches  nearest  to  the  surface, 
viz.,  opposite  to  the  first  and  second  intercostal  spaces  at  the  right  margin 
of  the  sternum.  (Luschka,  Die  Erustorgane,  185T  ;  and  Anatomie  des 
Menschen,  &c.,  1863  ;  Walshe,  Diseases  of  the  Heart  and  Great  Vessels  ; 
Sibson,  On  the  Normal  and  Abnormal  Situation  and  Structure  of  the  Viscera 
of  the  Chest,  in  Trans,  of  the  Pro  vine.  Med.  and  Surg.  Assoc.,  vol.  xii.,  year 
1842,  and  in  his  Work  on  Medical  Anatomy  ;  Allen  Thomson,  Notice  of 
the  case  of  E.  Groux,  &c.,  with  Observations  on  the  Position  and  Actions 
of  the  Heart,  in  Glasgow  Med.  Journ.  April,  1858.) 

The  following  additional  particulars  are  taken  from  the  observations  of  Allen 
Thomson.  The  summit  of  the  aortic  arch  is  on  a  level  with  the  middle  of  the 
manubrium  sterni ;  and  the  left  border  of  the  innominate  artery  at  its  origin  from  the 
arch  is  slightly  to  the  left  side  of  the  middle  line.  The  middle  of  the  commencement 
of  the  aorta,  where  it  springs  from  the  left  ventricle,  is  behind  the  left  border  of  the 
sternum,  on  a  level  with  the  lower  edge  of  the  third  costal  cartilage.  The  ascending 
part  of  the  aorta  bulges  beyond  the  right  border  of  the  sternum  to  the  extent  of  at 
least  a  quarter  of  an  inch;  and  the  vena  cava  superior  extends  about  half  an  inch 
farther  in  the  same  direction.  The  trunk  of  the  pulmonary  artery  is  wholly  to  the 
left  of  the  middle  line,  and  its  left  border  is  about  three  quarters  of  an  inch  beyond 
the  left  border  of  the  sternum.  The  concavity  of  the  aortic  arch  is  on  a  level  with  the 
junction  of  the  manubrium  with  the  body  of  the  sternum. 
_  The  right  auricular  appendage  covers  the  lower  part  of  the  ascending  aorta  to  the 
right  of  the  pulmonary  semilunar  valves,  and  its  point  is  exactly  behind  the  middle 
line  on  a  level  with  the  upper  border  of  the  third  costal  cartilao-es. 

The  most  projecting  part  of  the  right  ventricle  with  the°  conus  arteriosus  lies 
behind  the  sternum,  between  the  lower  end  of  the  body  and  the  inner  part  of  the 
left  third  intercostal  space. 

The  right  auricle  extends  to  fully  an  inch  beyond  the  right  border  of  the  sternum. 
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The  apex  of  llie  heart  is  Bitualed  about  three  and  a-half  inches  to  the  left  of  the 
middle  line,  and  in  the  fifth  intercostal  space.  The  apex  of  the  left  auricular  appen- 
dage is  in  the  lower  part  of  the  second  intercostal  space  or  behind  the  third  costal 
cartilage,  about  an  inch  and  a  quarter  from  the  left  of  the  sternum. 

riBIlOUS  AND  MUSCTJLAU  STEUOTURB  OP  THE  HEART. 

The  heart  consists  chiefly  of  muscular  tissue  ;  but  besides  this  and  the 
thin  membranes  investing  its  surface  and  lining  its  cavities,  there  enter 
into  the  formation  of  its  wall,  numerous  blood-vessels,  absorbents,  and 
nerves,  together  with  more  or  less  fat  and  some  areolar  tissue. 

The  fibrous  tissue  belonging  to  the  heart,  besides  what  enters  into  the 
structure  of  the  different  valves  and  the  chordae  tendinese,  is  found  princi- 
pally suiTounding  the  auriculo- ventricular  and  great  arterial  orifices.  When 
we  view  the  base  of  the  heart  so  placed  that  the  two  auriculo-ventricular 
orifices,  which  are  separated  only  by  the  upper  edge  of  the  septum  ventri- 
culorum  are  side  by  side,  instead  of  the  right  being  somewhat  in  front  of 
the  left,  as  is  the  case  during  life,  the  aortic  opening  is  seen  to  occupy  a 
position  between  and  ia  front  of  them,  and  to  have  the  opening  of  the 
pulmonary  artery  immediately  in  front  of  it.    The  wall  of  the  aortic  opening 
is  firmly  blended  opposite  one  of  the  semilunar  valves  with  the  forepart  of 
the  right  margin  of  the  left  auriculo-ventricular  opening  ;  and  opposite  the 
angle  between  the  other  two  valves  it  is  in  close  contact  with  the  margin  of 
the  right  auriculo-ventricular  opening.    In  the  angle  between  the  aortic  and 
two  auriculo-ventricular  openings  there  is  found  a  small  fibro-cartUaginous 
mass,  which  in  some  large  animals,  as  the  ox  and  elephant,  is  replaced  by  a 
piece  of  bone.    From  this  nodule  a  thick  process  extends  backwards 
between  the  two  auriculo-ventricular  orifices  beneath  the  septum  auricu- 
larum,  and  others  pass  forwards  forming  bands,  one  on  each  side  of  the 
aortic  opening.    These  processes  form  the  bases  of  what  have  been  elabo- 
rately described  by  authors  as  the  fibrous  or  tendinous  rings  of  the  auricido- 
ventricular  openings.     These  rings,  and  others  which  are  described  as 
bounding  the  arterial  orifices,  have  had  a  great  importance  imputed  to  them 
as  being  the  tendons  of  origin  of  the  ventricular  muscular  fibres,  a  view 
which,  however,  from  recent  investigations  to  be  presently  noticed,  appears 
to  be  incorrect.    The  rings  around  the  auriculo-ventricular  orifices  consist  of 
only  a  small  quantity  of  loose,  white,  fibrous  tissue,  continuous  with  that 
which  is  fovind  in  the  segments  of  the  valves,  strengthened  on  the  sides 
next  the  septum  by  the  processes  from  the  fibro-caiiilaginous  nodule.  The 
rings  of  the  arterial  orifices  have  been  described  by  authors,  and  also  in  the 
previous  editions  of  this  work,  as  each  formed  by  a  fibrous  band  or  zone, 
one  edge  of  which  is  even,  and  gives  attachment  to  the  muscular  fasciculi 
of  the  ventricle,  whilst  the  other  is  scalloped  into  three  deep  semilunar 
notches,  and  is  firmly  fixed  to  the  middle  coat  of  the  large  artery.  This 
scalloped  margin  is  simply  the  line  of  junction  of  the  endocardium  with  the 
festooned  line  of  attachment  of  the  semilunar  valves  and  termination  of  the 
artery,  strengthened  however  by  areolar  tissue.     The  fibres  of  the  middle 
coat  of  the  artery  also,  opposite  the  sinuses  of  Valsalva,  are  not  arranged 
annularly  as  in  other  parts  of  the  vessel,  but  diverge  from  between  the 
sinuses,  and  spread  upwards  and  laterally  on  the  walls  of  the  vessel ;  and 
the  attachment  of  the  artery  to  the  ventricle  is  principally  eflected  by 
fibrous  tissue  continuous  with  the  middle  coat  of  the  artery  and  with  the 
fibrous  tissue  in  the  valves,  which  spreads  out  between  the  small  fasciculi  of 
♦     the  muscular  substance,  and  is  firmly  connected  with  it. 


MUSCULAR  STRUCTURE— AURICLES.  o"- 

The  muscular  fibres  of  tho  lieart  iu  thoir  modo  of  acfcion  belong  to  tho 
involuutary  class,  but  aro  of  a  deep  rod  colour,  and  possess  tlie  transversely 
striated  structure.  They  are  smaller  than  tho  ordinary  voluntary  muscular 
fibres  :  thoir  striation  is  frequently  as  distinct  iu  a  longitudinal  as  in  a 
transverse  direction  :  and  not  only  is  there  an  exceedingly  intricate  inter- 
lacement of  both  fasciculi  and  fibres,  but  the  latter  appear  to  divide  and 
Tinito  frocLueutly  with  each  other  so  as  to  produce  a  finely  reticulated  stnicturc. 

Fig.  236. — Heart  op  a  Younq 
Subject  dissectkb  after 
jjoilina  to  suow  tue  super- 
FICIAL    ]\IcscuLAR  Fibres, 

SEEN  ANTERIORLY.  § 

This  figure  is  planned  after  one 
cf  Luscbka's,  but  its  details  have 
boeu  chiefly  taken  from  an  original 
jireparation.  The  aorta  and  pul- 
monary arteries  have  been  cut 
short  close  to  the  semilunar  val  ves, 
SO  as  to  show  the  anterior  fibres 
of  the  auricles,  a,  superficial 
layer  of  the  fibres  of  the  right 
ventricle  ;  6,  that  of  the  left ; 
c,  c,  anterior  interventricular 
groove  from  which  the  coronary 
vessels  have  been  removed,  show- 
ing at  the  upper  and  lower  part 
most  of  the  fibres  passing  across 
from  the  right  to  the  left  ven- 
tricle, while  in  the  middle  part 
some  dip  into  the  septum  ;  a\ 
pulmonary  artery ;  6',  aorta  ;  d, 
right  auricle  ;  d',  its  appendix, 
both  showing  chiefly  perpen- 
dicular fibres ;  e,  upper  part  of 
the  left  auricle ;  between  e,  and  h', 
the  transverse  fibres  which  behind 
the  aorta  pass  across  both  auricles  ;  e',  appendix  of  the  left  auricle  ;  /,  .superlur  vena 
cava,  round  which,  near  the  auricle,  circular  fibres  are  seen  ;  (/,  g\  right  and  left  pul- 
monary veins  with  circular  bands  of  fibres  surrounding  them. 

"The  fibres  of  the  auricles  are  not  continuous  Avith  those  of  the  ventricles, 
the  two  sets  being  connected  together  only  by  the  intervention  of  the  thin 
fibrous  rings  round  the  auriculo-ventricular  orifices  ;  so  that  when  these 
rings  are  destroyed  by  boiling  a  heart  for  some  hours,  the  auricles  may  be 
easily  separated  from  the  ventricles. 

Mhrcs  of  the  auricles. — These  consist  of  a  superficial  set,  common  to 
both  cavities,  and  of  deeper  fibres  proper  to  each.  1.  The  siqocrficial  common 
or  transverse  fibres  run  transversely  over  both  sinuses,  near  the  base,  and 
are  most  numerous  on  the  anterior  surface  :  some  of  them  j)ass  into  the 
inter-auricular  septum.  Tho  deeper  fibres,  which  are  proper  to  each  auricle, 
consist  of  two  sets,  viz.  the  looped  and  the  annular  fibres.  2.  The  looped 
fibres  pass  over  the  auricle  and  seem  to  be  attached  by  both  extremities  to 
tho  corresponding  auriculo-ventricular  rings.  3.  Tho  annular  fibres  encircle 
the  auricular  appendages  from  end  to  end,  some  longitudinal  fibres  running 
witliiu  them.  These  annular  fibres  also  surround  tho  entrances  of  the  venaa 
oavai  on  the  right,  and  of  the  coronary  vein  and  the  pulmonary  veins  ou  the 
left  side  of  the  heart, — the  muscular  fibres  extending  for  some  distance 
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from  the  auricle  upon  the  veins,  especially  upon  the  superior  vena  cava  and 
the  pulmonary  veins. 

Fibres  of  the  ventricles.— The  muscular  fibres  of  the  ventricles  have  a 
very  intricate  disposition,  which  has  received  great  attention  from  various 
anatomists,  such  as  Wolff,  Gerdy,  Roid,  Searle,  and  most  recently  Pettigrow, 
the  last  of  Avhom  has  done  much  to  elucidate  the  nature  of  the  arrangement 
in  animals,  although  perhaps  the  whole  subject  cannot  yet  he  considered  as 
fully  understood. 


Fig.  237.  —Posterior  view  of 

THK  SAME  PREPAHATION  AS 
is  REPRESENTED  IK  TUE  PKE- 
CEDINO  FIGURE.  | 

a,  posterior  surface  of  the 
right  ventricle  with  its  super- 
ficial muscular  fibres  dissected ; 
i,  the  same  of  the  left  ventricle ; 
c,  posterior  interventricular 
groove,  from  which  the  coronary 
vessels  have  been  removed  ;  d, 
right  auricle  ;  e,  the  left, 
showing  some  transverse  fibres 
common  to  both  auricles,  and 
some  belonging  to  each  one ;  /, 
superior  vena  cava  ;  ff,  g',  pul- 
monary veins  cut  short ;  h, 
sinus  of  the  great  coronary 
vein  covered  by  muscular  fibres; 
111,  posterior  coronary  vein  join- 
ing the  principal  one ;  i,  inferior 
vena  cava  ;  i',  Eustachian  valve 
as  seen  from  behind. 

It  is  chiefly  the  reticu- 
lated structure  or  continual 
union  of  the  greater  part 
of  the  muscular  fibres  with 
each  other  which  renders 
diflicult  the  investigation 
of  the  course  and  disposition  of  these  fibres.  In  order  to  unravel  them 
with  any  degree  of  success,  it  is  best  to  boU  the  slightly  distended 
heart  for  five  or  six  hours,  so  as  to  destroy  the  connective  tissue,  and  then 
carefully  to  dissect  the  heart  in  part  by  cutting  and  in  part  by  tearing 
asunder  the  fibres  with  blunt  instruments. 

According  to  Pettigrew's  observations,  inade  principally  upon  the  hearts  of  rumi- 
nating animalSj  as  many  as  seven  layers  of  fibres  may  be  distinguished  in  the  walls  of 
both  ventricles ;  *  three  of  these  being  external,  three  internal,  and  one  situated  inter- 
mediately between  them  :  but  it  may  be  remarked  that,  although  some  of  these 
layers,  such  as  the  external,  may  be  readily  separated  from  the  next,  others  of  them 
run  so  much  into  those  with  which  they  are  in  contact,  that  we  must  regard  the  dis- 
tinction of  layers  as  applying  more  strictly  to  the  difference  of  the  direction  of  the 
majority  of  the  fibres  at  different  depths,  than  to  a  real  and  constant  separation  of 
determinate  layers,  in  each  of  which  the  fibres  are  alike  in  direction.  At  the  same 
time,  for  the  convenience  of  description,  it  may  be  well  to  recognise  provisionally  the 
seven  layers  of  Pettigrew. 

One  of  the  most  important  facts  which  has  been  established  by  Pettigrew 's 
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*  "Wolff  conceived  that  five  or  six  layers  might  be  made  out. 
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researches,  is  that  of  the  continuity  of  the  fibres  pf  certain  external  layers  with  those 
of  corresponding  internal  layers.  This  continuity  takes  place  at  the  base  of  the  heart 
round  the  auriculo-ventricular  orifices  and  upon  the  septum,  and  at  the  apex  of  the 
left  ventricle  in  that  peculiar  spiral  concentration  of  the  fibres  known  to  previous 
obser\'era  as  the  vortex  or  whorl.  Thus  the  fibres  of  the  first  or  external  layer  are 
continuous  with  those  of  the  deepest  or  innermost,  in  part  by  folding  over  the  margia 
of  the  auriculo-ventricular  orifice,  and  in  part  by  penetration  through  the  apex.  In 
the  same  manner  the  fibres  of  a  second  or  deeper  external  layer  are  continuous  with 
those  of  a  layer  named  the  sixth  by  Pettigrew,  and  the  fibres  of  the  third  external 
layer  with  those  of  the  fifth ;  while  the  fibres  of  the  middle  or  fourth  layer  of  Petti- 
grew may  be  considered  to  return  upon  others  of  the  same  set.  In  this  manner  the 
first  and  seventh  layers  enclose  all  the  others,  the  second  and  sixth  enclose  those 
within  them,  and  the  third  and  fifth  enclose  the  fom-th. 

The  fibres  of  the  ventricles,  therefore,  do  not  take  their  origin,  as  was  in  general 
previously  held,  from  the  fibrous  rings  surrounding  the  auriculo-ventricular  orifices 


Fig.  238. 


Fig.  238. — View  op  a  Pautial  Dissec- 
tion OF  THE  Layers  op  Fibres  of 
THE  Ventricles  ik  a  Sheep's  Heart 
IN  Front  (after  the  manner  of  Pet- 
tigrew). § 

At  the  base  and  apex  the  pericardium 
and  connective  tissue  and  fat  alone  have 
been  removed,  and  the  superficial  layer 
of  fibres  is  displayed  on  these  parts  of 
both  ventricles.  In  the  intervening 
space,  layer  after  layer  of  the  fibres  has 
been  removed  from  above  downwards, 
reaching  to  a  greater  depth  on  the  left 
than  on  the  right  side.  a',  a\  the 
superficial  layer  of  the  right  ven- 
tricle ;  6^,  l\  the  same  of  the  left  ■ 
ventricle ;  2,  the  second  layer  of  both 
ventricles  ;  3,  the  third  ;  4,  the  fourth  or 
central,  with  fibres  nearly  transverse ;  5 
and  6,  two  of  the  deeper  layers  coming 
next ;  and  7,  a  small  part  of  the  fibres 
of  the  deepest  layer  on  the  front  of  the 
left  ventricle,  passing  into  one  of  the 
larger  papillary  muscles,  and  derived 
from  the  posterior  superficial  fibres,  which 
have  entered  the  whorl  of  the  apex  ante- 
riorly ;  the  different  degree  of  obliquity 
and  other  changes  of  direction  of  the 
fibres  is  shown  in  these  several  layers  ;  c,  c,  between  these  letters  and  numbers  is  the 
anterior  coronary  or  interventricular  groove,  in  which  superiorly  the  greater  part  of  the 
fibres  of  the  superficial  layer  is  seen  to  cross  from  right  to  left ;  in  the  remaining  part  of 
the  groove,  which  is  dissected,  part  of  the  fibres  from  both  ventricles  is  seen  to  turn 
backwards  towards  the  septum ;  cl,  the  pulmonary  artery  cut  short;  e,  the  first  prat  of 
the  aorta. 


and  the  roots  of  the  great  arteries.  The  only  fibres  which  come  in  contact  with 
those  structures  are  the  fibres  of  the  superficial  layer,  where  they  dip  in  to  be  con- 
tinuous with  those  of  the  deepest  layer ;  and  even  these  for  the  most  part  exhibit,  on 
careful  dissection,  no  breach  of  continuity  of  muscular  fibres,  but  are  merely  bound 
down  by  white  tissue  penetrating  between  the  fasciculi ;  a  small  portion,  however,  of 
the  muscular  fibres  which  surround  the  auriculo-ventricular  orifices  become  continuous 
with  the  segments  of  the  valves  and  with  ehordas  tendinete,  and  through  them  with 
the  musculi  papillares,  the  fibres  of  which  belong  chiefly  to  the  innermost  layer. 

Some  fibres,  especially  those  belonging  to  the  superficial  layers,  and  more  especially 
upon  the  posterior  surface  of  the  heart,  pass  round  and  enclose  both  ventricles ;  others, 
especially  in  front,  may  be  considered  to  belong  to  one  ventricle  only.  Thus  the 
anterior  superficial  fibres  of  the  right  ventricle  in  descending  from  the  right  to  the 
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cffc  of  the  heart,  pass  m  part  across  the  anterior  longitudinal  groove,  covering  partiallv 
l°,rT7r'''';''''^"?nF''''^'''l'"^^°  Uie  groove  and  as!end  obliquely^pon  the 

mr.  r'fr  ^'^^-^^  «f  ^^"^  l^f^  are  derived^in  part 

hom  those  arising  from  the  roots  of  tlie  great  vessel..,  in  part  from  those  crossing  the 

lTri^r°'?  't,  and  in  part  they  come  out  from  the  left  surface  of  the 

Sr,'.  n       It  °f       ^-islit  ^c^tricle  :  those  of  the 

antcuor  fibres  of  the  left  ventricle  ^vhich  are  near  the  apex  pass  spirally  round  this 
part  0  enter  the  whorl  posteriorly,  while  the  posterior  set  of  superficial  fibres,  turning 
lound  the  apex  with  a  similar  spiral,  arrive  in  front  and  there  enter  the  vortex. 
Ihese  tbrcs  thus  earned  into  the  interior  ascend  upon  the  posterior  and  anterior 

Fig.  239.— View  op  the  Fibres  ow 
THE  Sheep's  Heart,  dissected  at 

TUE  APEX  to  snow  THE  "  VoRTEX  " 
IN  WUICU  the  FIBRES  ENTER  THE 
APEX  IN  TWO  SETS  FROM  THE  EX- 
TERNAL Layer  (from  Pettigrew). 

a,  a,  anterior  fibres  entering  the 
apex  of  the  left  ventricle  posteriorly 
at  b;  c,  c,  posterior  fibres  entering 
the  apex  anteriorly  at  d. 

internal  surfaces   of  the  left  ven- 
tricle, forming  the  almost  longi- 
tudinal innermost  layer  of  fibres, 
and  contribute  to  form  the  columnre  carnefe  and  musculi  papillares.    Their  direction, 
as  they  ascend  internally,  is  nearly  the  opposite  of  that  in  which  they  made  their 
descent  externally. 

The  direction  of  the  fibres  in  the  successive  layers  gradually  changes  as  we  proceed 
from  without  inwards ;  for  example  on  the  front  of  the  right  or  left  ventricle  it  is 
at  first  very  oblique  from  right  to  left  of  the  heart,  or  indeed  in  some  parts  almost 
longitudinal  from  base  to  apex,*  it  then  becomes  less  and  less  oblique,  until  in  the 
middle  layer,  which  is  also  the  thickest,  it  is  transverse ;  the  obliquity,  being  now 
resumed  and  gradually  increasing,  the  direction  is  changed  to  that  from  right  to  left 
of  the  heart  and  from  apex  to  base  upwards,  until  at  last  in  the  interior  it  is  extremely 
oblique,  or  nearly  longitudinal. 


Fig.  240. 


Fig.  240. — Dissection  of  the  Ven- 
tricles   OP    the  Sheep's  Heart, 

VIEWED  from  behind,  A  PART  OF  THE 

Posterior  Wall  being  removed  to 
show  a  Dissection  of  the  Fibres  op 
the  Septum  at  a  similar  depth 
(from  Pettigrew).  f 

a,  the  superficial  layer  of  fibres  of  the 
right  ventricle  ;  &,  the  same  of  the  left 
ventricle  at  the  base  and  apex  pos- 
teriorly ;  «■',  the  fourth  or  middle  layer 
of  fibres  of  the  right  ventricle  exposed  ; 

the  same  layer  of  the  left  ventricle  ; 
c'',  the  same  of  the  septum,  showing  the 
fibres  of  that  layer  continued  forward 
from  those  of  the  left  ventricle. 


It  is  only  the  three  outer  layers  and  part  of  the  fourth  layer  which  are  distributed 
round  both  ventricles,  the  three  internal  layers  belong  solely  to  each  ventricle. 

The  septum  consists  of  three  sets  of  fibres,  viz.,  1,  those  belonging  to  the  right 
ventricle  ;  2,  those  belonging  to  the  left ;  and  3,  those  common  to  both  ventricles. 

The  difference  of  thickness  of  the  avails  of  the  right  and  left  ventricles,  which  is  so 

*  The  direction  is  leas  longiUidiual  in  the  humau  heart  tliau  iu  that  of  the  sheep. 
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remarkable  in  the  adult,  does  not  exist  at  an  early  period  in  the  fojtua.  An  examina- 
tion of  the  footal  heart,  therefore,  shows  a  much  greater  similarity  in  the  mode  ot 
arrangement  of  the  layers  of  fibres  in  the  walls  of  the  two  ventricles  than  might  bo 
supposed  from  the  examination  of  the  adult. 

It  is  to  be  observed,  in  conclusion,  that  Pettigrew's  obscrvationa  were  made  almost 
exclusively  upon  the  hearts  of  animals.  No  doubt  many  circumstances  are  nearly 
similar  in  the  human  heart,  but  it  is  still  desirable  that  a  fuller  examination  of  the 
structure  of  the  human  heart  should  be  made,  and  more  especially  that  this  subject 
should  be  investigated  in  connection  with  its  development. 

(C.  ¥.  Wolff,  De  ordine  fibrarum  Muscularium  Cordis;  Act.  Acad.  Petropol.  1780 
—1792  Gerdy,  Eech.  &c.  d'Anatomie,  Paris,  1823.  J.  lleid,  Art.  "  Heart,"  in 
Cyclop,  of  Anat.  and  Physiol.  Scarlc,  Art.  "  Fibres  of  the  Heart/'  in  the  same. 
J.  Pettigrcw,  in  Philos.  Trans.  18G4.) 

VESSELS  AND  NERVES. 

The  bloodvessels  and  nerves  of  the  heart  will  only  be  shortly  noticed  in  this  place, 
as  a  fuller  description  of  them  will  be  given  along  with  those  parts  of  the  vascular 
and  nervous  systems  from  which  they  respectively  take  their  origin. 

Vessels.— The  substance  of  the  heart  receives  its  blood  through  the  two  coronary 
arteries,  which  arise  respectively  from  the  two  anterior  aortic  sinuses  of  Valsalva. 
The  coronary  veins  terminate  in  the  right  auricle.  Besides  the  great  cardiac  or 
coronary  vein,  and  another  principal  branch,  there  are  two  smaller  orders  of  veins 
opening  separately  into  the  right  auricle.  The  stems  and  larger  divisions  of  these 
vessels  run  principally  in  the  great  transverse  and  longitudinal  grooves  of  the  heart ; 
from  these  grooves  and  other  parts  of  the  external  surface  the  smaller  branches 
penetrate  into  every  part  of  the  muscular  substance. 

Nerves. — The  nerves  given  off  by  the  cardiac  plexuses,  appear  rather  small  in  com- 
parison with  the  bulk  of  the  heart ;  they  are  derived  partly  from  the  cerebro-spinal 
and  partly  from  the  sympathetic  system,  more  especially  from  the  pneumogastric  nerve, 
and  from  the  cervical  and  superior  dorsal  ganglia  of  the  sympathetic  nerve.  Besides 
the  larger  ganglia  in  the  cardiac  plexuses  at  the  base  of  the  heart,  the  nerves  present 
minute  ganglia  at  different  points  along  their  course  in  its  substance,  which  have  been 
figured  and  described  by  Remak.  The  nerves  course  obliquely  downwards  on  the 
ventricles  of  the  heart,  decussating  with  the  superficial  fibres,  between  which  and  the 
pericardium  are  situated  their  main  branches  and  the  ganglia  of  Remak.  (Remak; 
Froriep's  Notizen,  1838,  p.  137 ;  and  Miiller's  Archiv.  134d,  p.  463,  taf.  xii.) 

■WEIGHT  AND  DIMENSIONS  OF  THE  HEART. 

The  size  and  weight  of  the  heart,  the  thickness  of  its  walls,  the  capacity  of  its 
several  cavities,  and  the  width  of  its  great  orifices,  have  been  made  the  subject  of 
extensive  obseiTation,  more  especially  with  the  view  to  determine  some  standard 
dimensions  with  ivhich  to  compare  the  deviations  occurring  in  disease. 

Size. — It  was  stated  by  Laennec,  as  the  result  of  his  experience,  that  the  heart  in 
its  natural  condition  was  about  equal  in  size  to  the  closed  hand  of  the  individual. 
It  is  about  five  inches  long,  tliree  and  a  half  in  its  greatest  width,  and  two  and  a 
half  in  its  extreme  thickness  from  the  anterior  to  the  posterior  surface ;  but  linear 
measurements  of  a  flaccid  organ  like  the  heart  must  be  subject  to  so  many  accidental 
variations  as  to  render  them  of  little  value. 

Weight.— '^h.Q,  average  weight  of  the  heart  in  the  adult  is  also  subject  to  consider- 
able variation,  ranging  between  rather  wide  limits,  which  depend  on  the  general 
weight  of  the  body  and  on  the  sex. 

Its  mean  weight  has  been  variously  stated  by  different  authors,  as  from  7  oz.  up 
to  10  oz.;  but  according  to  tables  published  by  Rcid,  the  average  weight  in  the 
adult  male  is  as  high  as  11  oz.,  and  in  the  female  as  9  oz. ;  while  according  to  Peacock 
the  average  of  the  male  is  9|  oz.,  and  that  of  the  female  9  oz. 

The  weight  of  the  heart  maintains  some  general  proportion  to  that  of  the  body. 
According  to  Ticdcmann  this  is  about  1  to  IGO ;  by  Clcndinniu!?  it  was  found  to  be 
1  to  158  m  males,  and  1  to  149  in  females ;  and  by  Rcid  to  be  1  to  1G9  in  a  series  of 
tlurty-seven  males,  and  1  to  176  in  twelve  females;  but  in  the  healthy  males  dying 
suddenly  the  ratio  was  as  1  to  173. 
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Ifc  was  shown  by  Clendinning  that  the  heart  continued  to  increase  in  weight  up  to 
an  advanced  period  of  life,  but  at  a  comparatively  slower  rate  subsequenfly  to  the 

Suits  dXd "r"'  ir'^    '^"^  "^"^'l '  ''^'^^^'^^  °f        of  the'a  erase 

lesulta  derived  from  the  observations  of  these  authors. 


Age  in  year.      ^t^ZX.   Ago  in  years.  Male.  ^^I^^ 

15  to  29    ...    8^  ...  81       16  to  20  ..  8  10  ...  6  13  8    2?  ...  8  l^"' 

30—50    ...    9i  ...  84       20-30  ...  10    4  ...  8    0  9    o"  ...  8  lo' 

50— .60    ...  10}  ...  S        30  —  40  ...  10    8  ...  9    3  9    7'       8  I3' 

60  —  +     ...  104  ...  8         40  —  50  ...  11    7  ...  9    8  8  11  ...  9  3' 

50  —  60  ...  11  10  ...  9  14  9  12  ...  9  71 

60  —70  ...  12    6  ...  9    5  10  131  ...  7  o" 

70—  +  ...  12   6  ...  9  C 

Entirely  in  accordance  with  these  observations  upon  the  increase  of  the  heart's 
weight  according  to  age,  it  has  been  found  by  Bizot  that  this  organ  continues  to  enlarge 
in  all  its  dimensions  as  life  advances,  viz.,  in  the  length,  breadth,  and  thickness 
of  its  walls.  The  greatest  increase  was  detected  in  the  substance  of  the  left  ventricle 
and  the  ventricular  septum.  (Reid,  in  the  Lond.  and  Edin.  Monthly  Journal  of  Med. 
Science,  April,  1843;  T.  B.  Peacock,  in  tlie  same  journal,  in  1846,  and  reprinted 
separately,  with  additional  observations,  in  1854;  Clendinning,  in  the  Medic.  Chir. 
Transact.,  1838;  Bizot,  M6m.  de  la  Soc.  Mgdic.  d'Observation  de  Paris,  tom  i 
p.  262.  1836.) 

Capacitij  of  the  auricles  and  ventricles.— l^o  determine  with  precision  the  absolute 
and  relative  capacities  of  the  four  cavities  of  the  heart,  as  they  exist  during  life,  is 
impossible;  and  their  capacity  is  so  much  influenced  by  their  different  states  of 
distension,  and  also  by  the  different  degrees  of  contraction  of  their  muscular  walls  at 
Ihe  moment  of  death,  that  no  constant  numerical  relation  in  this  respect  can  be 
looked  for  between  them.  Hence  the  most  opposite  statements  prevail,  especially 
with  regard  to  the  size  of  the  ventricular  cavities. 

The  auricles  are  generally  admitted  to  be  rather  less  capacious  than  the  ventricles. 
The  right  auricle  is  also  said  to  be  larger  than  the  left,  in  the  proportion  of  5  to  4. 
(Cruveilhier.) 

The  capacity  of  the  left  ventricle  has  been  stated  by  different  anatomists  as 
variously  as  at  I4  fluid  ounces  and  4  oz. ;  it  probably  does  not  exceed  2  oz. 

The  right  ventricle  is  asserted  by  some  to  be  larger  than  the  left ;  by  others  (Lower, 
Sabatier,  Andral)  the  two  are  stated  to  have  an  equal  capacity ;  Cruveilhier,  judging  from 
the  effect  of  injections,  has  found  the  left  to  be  the  larger  of  the  two.  In  the  ordinary 
modes  of  death,  the  right  ventricle  is  always  found  more  capacious  than .  the  left, 
which  is  probably  owing  to  its  being  distended  with  blood,  in  consequence  of  the 
cessation  of  the  circulation  through  the  lungs  :  the  left  ventricle,  on  the  other  hand, 
is  found  nearly  empty,  and  thus  becomes  more  fully  contracted.  There  are  reasons 
for  believing,  however,  that  during  life  scarcely  any  difference  of  capacity  exists 
between  the  two  cavities. 

Size  of  the  ventricular  openings. — The  right  auriculo-ventricular  opening,  and  the 
orifice  of  the  pulmonary  artery,  are  both  found  to  be  somewhat  larger  after  death 
than  the  corresponding  openings  on  the  left  side  of  the  heart.  Their  circumference 
is  thus  stated  by  Bouillaud.    (Traite  des  Malad.  du  Coeur,  tom.  i.  p.  52.   Paris,  1835.) 


Auriculo-ventricular  orifices 
Arterial  orifices  .... 


Inches  and  Liiies. 

Max. 

Wed.  ilin. 

Eight   

4  0 

3  10       3  9 

Left  

3  10 

3    6       3  3 

Right  (Pulmonary) 

2  10 

2    7       2  6 

2  8 

2    8      2  4 

According  to  Peacock's  most  recent  observations,  the  following  (omitting  the 
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of  these  oriBces  ia  adult  males  and 


fractions  of  lines)  are  the  average  dimensions 
females,  between  the  ages  of  20  and  60  years 


Auriculo-ventricular  orifices 
Arterial  orifices    .    .    .  • 


Left   

Right  (Pulmonary)  •• 


(  Hi 
|Le 


Males. 

Females. 

Inches 

and  Lines. 

4  6 

4  0 

3  7 

3  10 

3  4 

3  3 

3  0 

2  10 

DEVELOPMENT  OF  THE  HEART  AND  GEEAT  BLOOD-VESSELS. 

TAe  ifear<.-Tho  heart  first  appears  as  an  elongated  sac  or  dilated  tube  lying  at 
the  fore  part  of  the  embryo,  having  two  veins  connected  with  it  beluaci,  ana  a 
arge  arte'Ll  trunk  proceeding  from  it  in^front.  This  tube  -l^jb'^s  rhyt^^^^^ 
tractions  of  its  walls  from  a  very  early  period.  Its  form  is  at  first  Bymmetrical  but 
soon  it  becomes  curved  or  bent  upon  itself  like  a  horse-shoe,  and  projects  on  the 
ventral  aspect  of  the  body  towards  the  right  side. 

Fig.  241. — Views  op  the  anterior  or  FiS-  211. 

CEPHALIO  HALF  OP  THE  EmBBYO-ChIOK 

FROM  THE  Abdominal  Sorfaob,  Show- 
ing THE  Heart  in  the  earliest 
STAGES  of  its  FORMATION  (after  Re- 
mak).  Magnified  about  twenty  times. 

A,  embryo  after  about  twenty-eight 
or  thirty  hours  of  incubation  ;  B, 
after  about  thirty-six  hours  of  incuba- 
tion ;  a,  placed  on  the  anterior  cerebral 
vesicle  ;  6,  the  primitive  cervical  ver- 
tebras ;  c,  c,  the  cephalic  fold  of  the  ger- 
minal membrane;  1,  1,  primitive  veins 
entering  the  auricle  ;  2,  ■3j"Tn~  A,  the 
primitlve'and  simple  sac  cr  short  tube  of 
tlie' heart ;  in  B,  2,  the  auricular  part ; 
3,  the  ventricular  part  beginning  to  bulge 
or  be  bent  to  the  side  and  dilate  ;  4, 
the  anterior  part  of  the  tube  which  be- 
comes the  aortic  bulb. 

As  this  bending  increases  the  venous  end  approaches  the  arterial,  and  at  the  same 
time  the  tube,  which  progressively  increases  in  size  and  in  the  thickness  of  its  walls, 
becomes  divided  by  two  slight  constrictions  into  three  compartments,  opening  suc- 
cessively into  each  other.  The  first,  next  to  the  veins,  is  the  auricular  portion,  the 
middle  one  is  the  ventricular,  and  the  last,  which  is  the  primitive  arterial  trunk, 
is  named  the  bulbus  arteriosus. 

The  auricular  portion  becomes  placed  behind  the  ventricular  compartment,  and 
relatively  to  that  cavity  considerably  enlarged.  Moreover,  two  little  pouches  appear 
upon  it,  one  at  each  side,  which  form,  the  future  auricular  appendages.  The  walls  of 
the  ventricular  portion  are  already  thicker  than  the  rest. 

The  next  series  of  changes  consists  in  the  gradual  subdivision  of  the  single  auricle, 
ventricle,  and  arterial  bulb,  each  into  two  compartments,  to  form  the  right  and  left 
auricles,  the  right  and  left  ventricles,  and  the  pulmonary  artery  and  aorta  :  and  these 
changes  are  accompanied  by  an  alteration  in  the  position  of  the  parts  with  relation  to 
•  the  body,  the  ventricular  portion  now  lying  transversely,  so  as  to  bring  that  portion 
which  is  afterwards  to  form  the  apex  towards  the  left  side. 

This  subdivision  commences  first  in  the  single  ventricular  portion  of  the  heart. 
A  small  notch  appears  externally  to  the  right  of  the  apex,  which  goes  on  increasing 
in  depth  for  some  weeks,  and  then  is  again  gradually  obliterated.  In  the  meantime, 
about  the  fourth  or  fifth  week,  a  septum  begins  to  rise  up  internally  from  the  right  side 
of  the  heart,  at  a  little  distance  from  the  apex  and  from  the  anterior  wall  of  the  cavity, 
and  proceeds  in  the  direction  of  the  base,  towards  the  arterial  bulb,  and  about  the 
eighth  week  is  complete.   Traces  of  the  subdivision  of  the  auricular  portion  com- 
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Fig.  242. 


Fig.   242. — DiAGKAMMATIO  OUTLIKES    OP    THE    HeART    AND   FiUST    ArTEKIAL  VESSELS 

OF  THE  Embryo,  as  seen  from  the  Abdominal  Surface. 

A,  at  a  period  corresponding  to  the  36th  or  38th  hour  of  incubation  in  the  chick ; 
B,  and  .C,  at  the  48th  ho\i\  of  incubation  ;  1,  1,  primitive  veins  ;  2,  auricular  jjart  of  the 
heart ;  3,  ventricular  part  V  4,  aortic  bulb  ;  5,  5,  the  primitive  aortic  arches,  and  their 
continuation  as  descending  aorta  ;  these  vessels  are  still  separate  in  their  -whole  extent  in 
A,  but.at  a  later  period,  as  shown  more  fully  in  C,  have  coalesced  into  one  tube  in  a  part 
of  the  dorsal  region ;  in  B,  below  the  upper  5,  the  second  aortic  arch  is  formed,  and 
farther  down  the  dotted  lines  indicate  the  position  of  the  succeeding  arches  to  the  number 
of  five  in  all ;  5',  5',  the  continuation  of  the  main  vessels  in  the  body  of  the  embryo ; 
6,  6,  the  omphalo-mesentcric  arteries  passing  out  of  the  body  of  the  embryo  into  the 
vascular  area  of  the  germinal  membrane. 

lucnce  early  in  the  form  of  a  slight  constriction  on  the  outer  surface,  which  marks 
off  the  future  auricles,  the  left  being  at  first  the  smaller  of  the  two ;  but  the 
auricular  septum  is  not  begun  until  after  that  of  the  ventricles  is  completed.  About 


Fig.  243. 


Fig.  243. — Human  Embrtoes 

AT  DIFFERENT  EARLY  STAGES 
OP    DEVELOPMENT,  SHOWING 

THE  Heart  in  its  tubular 
condition. 

A,  upper  half  of  the  body  of 
a  human  embryo  of  three  weeks, 
viewed  from  the  abdominal 
side  (from  Coste) ;  a,  frontal 
plate  ;  b,  vertebi  fe,  on  which 
the  primitive  aortiB  are  lying  ; 
3,  the  middle  of  the  tube  of  the 
heart,  below  it  the  place  of  en- 
trance of  the  great  veins,  above 
it  the  aortic  bulb. 

B,  lateral  view  of  a  human 
em  bryo  more  advanced  than  that 

last  referred  to,  and  somewhat  imperfectly  developed  (from  A.  Thomson) ;  o,  the  frontal 
part  of  the  head  ;  b,  the  vertebral  column  ;  v,  the  wide  communication  of  the  umbihcal 
vesicle  or  yolk  sac  with  the  intestine  ;  u,  communication  with  the  allantois  or  urachus ;  2, 
auricular  part  of  the  heart  coimected  with  the  veins  posteriorly  ;  3,  veutricidar  part  of 
the  beut  tube ;  4,  the  aortic  bulb  ;  near  the  extremities  of  the  tube  the  divided  peri- 
cardium is  seen. 
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the  ninth  week  it  appears,  growing  from  above  and  behind  downwards  ^^^d  forwards, 
and  at  length  comes  to  meet  and  coalesce  below  with  the  rising  edge  of  the  inter- 


Fig.  244.— Snows  the  position  and  Fig.  244. 

FOKM   OP   THE   HEART   IN    THE  HUMAN 

Embryo  PROM  the  Fourth  to  the  Sixth 

WEEK. 

A,  upper  half  of  the  body  of  a  human 
^bryo  said  to  be  four  weeks  old  (from 
Kolliker  after  Coste)  ;  B  and  C,  anterior 
and  posterior  views  of  the  heart  of  a  buman 
embryo  of  six  weeks  (from  Kiilliker  after 
Eckor)  ;  a,  frontal  lappet ;  b,  mouth  ;  c, 
below  the  lower  jaw  and  in  front  of  the 
second  and  third  branchial  arches ;  d, 
upper  limb ;  e,  liver ;  /,  intestine  cut 
short;  1,  superior  vena  cava;  1',  left 
superior  cava  or  brachio-cephalic  connected 
with  the  coronary  vein  ;  1",  opening  of  the 
inferior  vena  cava ;  2,  2',  right  and  left 
auricles ;  3,  3',  right  and  left  ventricles  ; 
4,  aortic  bulb. 

rentricularseptum.  The  interauricular  sep- 
tum, however,  remains  incomplete  during 

intrauterine  life,  and  leaves  an  opening  in  the  middle,  which  forms  the  foramen  ovale. 
The  farther  steps  in  the  'separation  of  the  auricles  are  connected  with  the  changes 
which  take  place  at  the  entrances  of  the  great  veins.  There  are  now  three  large  vessels 
terminating  in  the  auricular  extremity  of  the  heart ;  of  these  two  correspond  with 
the  superior  and  the  inferior  vena  cava,  and  the  third  is  the  great  coronary  vein. 
At  first,  after  the  interauricular  septum  is  partly  formed  above,  the  inferior  cava 
opens  directly  into  the  left  auricle,  which  is  the  ^mailer  of  the  two  ;  but  about  'the 
twelfth  week  a  septum,  the  valve  of  the  foramen  ovale,  which  afterwards  forms  the 
floor  of  the  fossa  ovalis,  rises  up  on  the  left  side  of  the  entrance  of  the  vein,  which 
thus  comes  to  open  into  the  right  auricle ;  whilst  at  the  same  time  the  separation  of 
the  two  auricles  is  also  rendered  more  complete  by  the  gradual  advance  of  the  valve 
over  the  foramen  ovale,  leaving,  however,  the  passage  open  until  after  birth. 

Another  valvular  fold  is  developed  at  an  early  period  on  the  right  and  anterior 
border  of  the  orifice  of  the  inferior  cava,  between  it  and  the  auriculo-ventricular 
orifice;  this  is  the  Eustachian  valve.  It  appears  to  continue  the  opening  of  the 
inferior  cava  towards  the  upper  margin  of  the  foramen  ovale,  and  directs  the  blood 
of  the  vein  through  that  passage. 

The  left  auricle  has  at  first  no  connection  with  the  pulmonary  veins.  The  manner 
in  which  this  connection  is  afterwards  established  has  not  yet  been  ascertained. 

Originally  the  heart  is  composed  of  a  mass  of  nucleated  cells,  similar  in  character 
to  those  which  primarily  constitute  the  other  organs  of  the  body.  Muscular  tissue  is 
subsequently  formed  from  these  cells ;  but  the  rhythmic  contractions  commence  and 
proceed  for  some  time,  whilst  the  heart  is  yet  composed  of  cells,  and  before  the  mus- 
cular fibres  have  been  developed. 

Tlie  great  vesseb.—At  first  the  bulbus  arteriosus  is  divided  into  two  arches,  which 
pass  upwards  and  outwards  one  on  each  side,  then  turn  downwards  and  form  a  right 
and  left  root  of  the  aorta,  which  are  at  first  separate,  but  afterwards  unite  behind 
the  heart  and  in  front  of  the  vertebral  column  to  form  the  single  stem  of  the  descend- 
ing aorta.  The  distance  soon  elongates  between  those  arches  and  the  arterial  bulb, 
and  four  other  pairs  of  arches  appear  in  series  from  above  downwards,  passing 
outwards  from  the  vessel  which  ascends  to  the  first  arch,  and  opening  into  that 
which  descends  from  it.  Thus  there  are  on  each  side  five  arches,  an  i7ilernal  or 
a}iterior  trunk  uniting  the  origins  of  the  arches,  and  an  external  or  posterior  trunk 
uniting  their  terminations,  and  continued  into  one  of  the  roots  of  the  aorta.  These 
vascular  arches  are  placed  each  in  one  of  the  branchial  processes  of  the  dorsal  plates 
(p.  64),  but  it  IS  to  be  noted  that  the  whole  five  arches  do  nob  co-exist  ;  for  the  highest 
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disappear  before  the  last  are  developed.  This  arrangement  of  blood-vessels,  together 
with  the  originally  single  condition  of  the  heart,  corresponds  to  a  certain  extent  with 
the  permanent  condition  of  the  heart  and  branchial  arteries  in  fishes ;  with  this 
difference  as  regards  the  vascular  arches  in  the  human  foetus  and  that  of  mammals, 
birds  and  scaly  reptiles,  that  they  never  present  any  farther  branchial  subdivision. 

As  the  interventricular  septum  is  approaching  the  base  of  the  heart,  that  is,  about 
the  seventh  or  eighth  week,  the  arterial  bulb  becomes  also  divided  by  an  internal 
partition,  meeting  from  opposite  sides,  into  two  vessels,  which  are  slightly  twisted  on 
each  other,  and  are  so  adjusted  as  to  become  connected,  the  anterior  with  the  right 
and  the  posterior  with  the  left  ventricle  :  these  vessels  afterwards  constitute  the  com- 
mencement of  the  pulmonary  artery  and  of  the  aorta.  A  furrow  subsequently,  begin- 
ning on  the  outside,  completes  the  separation  into  two  vessels. 

Whilst  the  arterial  bulb  is  thus  converted  into  the  commencement  of  the  pulmonary 
artery  and  aorta,  the  five  vascular  arches  arising  from  it  undergo  a  metamorphosis, 
by  which  the  permanent  aorta  with  the  brachio-cephalic  vessels  and  the  pulmonary 
arteries  are  formed.  The  general  results  of  this  change  have  been  observed  by 
several  embryologists,  but  it  has  not  yet  been  made  out  with  certainty  in  all  its 
details. 

It  is  generally  admitted,  however,  that  the  fourth  arch  on  the  left  side  (counting 
from  above),  which  receives  blood  from  the  aortic  division  of  the  bulb,  is  persistent, 
and,  continuing  to  enlarge,  eventually  becomes  the  arch  of  the  aorta.  The  fourth 
arch  on  the  right  side,  as  well  as  the  first,  second,  and  third  arches  on  both  sides, 
are  obliterated  to  a  greater  or  less  extent,  while  certain  portions  of  them,  remaining 
pervious  and  connected  with  the  aortic  arch,  appear  to  form  the  commencement  of  the 
great  vessels  rising  from  it,  . 

Both  the  arches  of  the  fifth  pair  were  held  by  Baer  to  be  connected  with  the 


Fig.  245. 


Fig.  245. — Diagram  op  the  Aortic  or 
Branchial  Vascular  Arches  op  the 
Mammal,  with  their  transformations 
giving  rise  to  the  permanent  Arterial 
Vessels  (according  to  Rathke). 

A,  P,  primitive  arterial  stem  or  aortic 
bulb,  now  divided  into  A  the  ascending 
part  of  the  aortic  arch,  and  P  the  pul- 
monary ;  a,  the  right ;  a',  the  left  aortic 
root ;  A',  the  descending  aorta.  On  the 
right  side  1,  2,  3,  4,  5,  indicate  the  five 
branchial  primitive  arterial  arches ;  on  the 
left  side,  I,  II,  III,  IV,  the  four  branchial 
clefts,  which,  for  the  sake  of  clearness,  have 
been  omitted  on  the  right  side.  It  will  be 
observed,  that  while  the  fourth  and  fifth 
pairs  of  arches  rise  from  the  part  of  tbe 
aortic  bulb  or  stem,  which  is  at  first  un- 
divided, the  first,  second,  and  third  pairs 
are  branches  above  C,  of  a  secondary  stem 
on  each  side.  The  permanent  systemic 
vessels  are  represented  in  deep  shade,  the 
pulmonary  arteries  lighter;  the  parts  of 
the  primitive  arches,  which  have  only  a 
temporary  existence,  are  drawn  in  outline 
only  c,  placed  between  the  permanent  common  carotid  arteries ;  ce,  the  external 
carotid  arteries  ;  ci,  ci',  the  right  and  left  internal  carotid  arteries  ■  s,  the  right  sub- 
clavian rising  from  the  right  aortic  root  beyond  the  fifth  arch  ;  f,  the  right  vertebral 
torn  the  same  opposite  the  fourth  arch  ;  the  left  vertebi^l  and  subclavian  artems 

rising  together  itom  the  left  or  permanent  aortic  root  opposite  the  fourth  arch ;  P,  the 
px  monary  arteries  rising  together  from  the  left  fifth  arch  ;  c  ,  the  outer  or  back  part  of 
fhpMt  fifth  arch  forming  the  ductus  arteriosus  ;  pn,  pi',  the  right  and  left  pneumo- 
S!tr1;  nerves  desceXg  in  front  of  the  aortic  arches,  with  their  recurrent  branches 
CesenS  dia^^^^^^  as  passing  behind,  with  a  view  to  illustrate  the  relations  of 

ISese  nerves  respectively  to  the  right  subclavian  artery  and  the  arch  of  the  aorta  and 
ductus  arteriosus. 
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pulmonary  division  of  the  bulb,  and  to  send  ramifications  into  the  lungs,  so  as  to  form 
the  right  and  left  branches  of  the  pulmonary  artery  respectively  :  the  farther  or  distal 
portion  of  the  right  arch  being  obliterated,  while  the  corresponding  part  of  the  left 
side  continued  open,  as  the  ductus  arteriosus,  until  birth.  According  to  this  view, 
the  third  arch  on  each  side  is  persistent  as  the  subclavian  artery,  and  the  external  trunk 
above  this  remains  as  the  vertebral  artery,  and  the  internal  as  the  carotid ;  while  the 
internal  trunk  between  the  third  and  fourth  arches  of  the  right  side  becomes  the 
innominate  artery.  In  so  far  as  it  applies  to  birds  and  some  reptiles  this  view  may  be 
correct.  But  a  diflferent  view  of  the  metamorphosis,  as  it  occurs  in  mammalia  and 
man,  has  more  recently  been  presented  by  Rathke,  which  has  been  adopted  by 
Kolliker  and  others,  and  probably  is  more  consistent  with  truth.  According  to 
Eathke,  in  man  and  mammalia  one  arch  only,  viz.,  the  left  fifth,  is  concerned  in  the 
formation  of  the  pulmonary  arteries;  and  the  fifth  arch  of  the  right  side  is  entirely 
obliterated.  From  the  fifth  left  arch  a  branch  is  given  off,  which,  together  with 
the  pro.ximal  part  of  tlie  arch,  forms  the  pulmonary  artery,  and  which  divides 
into  the  primary  branches  for  the  right  and  left  lung,  the  distal  part  of  the  arch  being 
converted,  as  according  to  Baer's  theory,  into  the  ductus  arteriosus.  The  fourth  arch 
of  the  right  side,  according  to  Rathke,  forms  the  commencement  of  the  right  subclavian 
artery ;  a  branch  is  given  off"  opposite  the  external  extremity  of  the  fourth  arch  on 
both  sides,  which  forms  on  the  right  side  the  remainder  of  the  right  subclavian, 
and  on  the  left  the  whole  of  that  artery ;  the  vertebral  arteries  are  derived  from 
the  subclavians  external  to  the  system  of  arterial  arches ;  the  internal  trunks  in 
their  extent  between  the  third  and  fourth  arches  remain  as  the  common  carotids,  and 
in  the  remainder  of  their  extent  form  the  external  carotids,  while  the  third  arches 
and  the  external  trunks  above  them  are  converted  into  the  internal  carotid  arteries. 
( Baer,  Entwicklungsgeschichte,  1839 ;  Rathke,  Untersuchungen  uber  die  Aortenwurzeln, 
&c.  Vienna,  1857,  and  Miiller's  Archiv.  1843,  p.  276;  A.  Thomson,  Edin.  New 
Philos.  Journal,  1830-31,  and  Edin.  Med.  and  Surg.  Journ.,  No.  140 ;  Ecker,  Icones 
Physiologic* ;  Bischoff's  works ;  Kolliker,  Entwicklungsgeschichte.  1861). 


PfiCtlLIARITIES  OF  THE  FcETAI,  HeART  AND  GeEAT  VeSSELS.- 

ClRCULATION. 


-F(ETAL 


Position.— -ThQ  foetal  heart,  even  after  all  its  parts  are  formed,  continues  to  be 
placed  vertically  in  the  thorax  until  about  the  fourth  month,  when  the  apex  begins 
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Pig.  246. — YiEw  OF  THE  Front  and  Right 
Side  op  the  Fcetal  Heart,  at  four 
months,  the  right  auricle  being  laid 
OPEK  (from  Kilian). 

a,  the  right  auriculo-ventricular  opening; 
b,  a  probe  passed  up  the  vena  cava  inferior 
and  through  the  foramen  ovale  into  the  left 
auricle  ;  c,  vena  cava  inferior  ;  e,  Eustachian 
valve ;  v,  valve  of  the  foramen  ovale ;  s,  a', 
vena  cava  superior. 

to  turn  towards  the  left  side,  so  as  to  give 
it  an  oblique  position. 

Size.— As  compared  with  the  body,  the 
heart  is  very  much  larger  in  the  early 
foetus  than  at  later  periods  or  subsequently 
to  birth.  At  one  time,  indeed,  it  occupies 
nearly  the  whole  tlioracic  cavity.  At  the 
second  month  the  proportion  of  its  weight  to 
that  of  the  body  is  said  by  Meckel  to  be  1 . 
to  50  ;  but  the  ratio  becomes  gradually  re- 
duced to  that  of  1  to  120  at  birth.  la  the 
adult  the  average  is  about  1  to  160 

aurllls  "ifc^^'cS^sThS:  fSH^ZZ  '"^T  ^'^'^  ^'^^ 

i^awous  man  the  left;  but  towards  birtli  these  peculiarities  disappear. 
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and  the  vcntncular  portion  becomes  the  larger  part  of  the  heart.  As  to  the  ventricles 
themselves,  the  right  is  at  first  the  smaller;  afterwards  it  becomes  the  larger  of  the 
two  and  at  birth  their  size  is  about  equal.  In  the  right  ventricle  the  infundibulum 
13  at  first  less  marked  than  afterwards. 

Striidure.-FoT  a  time  the  walls  of  the  ventricles  are,  comparatively  speaking, 
very  thick,  and  the  thickness  of  both  is  nearly  the  same.  In  approaching  the  full 
period,  however,  the  left  begins  to  be  the  thicker  of  the  two.  But  the  two  chief 
dilicrences  in  the  internal  structure  of  the  foetal  heart  from  that  of  the  adult  are  the 
communication  which  exists  between  the  two  auricles  by  the  foramen  ovale,  and  the 
large  size  of  the  Eustachian  valve. 

The  large  oval  orifice  named  the  foramen  ovale  is  placed  at  the  lower  and  back 
part  of  the  auricular  septum,  and  is  said  to  attain  its  greatest  size  at  the  sixth  month. 
It  becomes  gradually  occluded  by  a  valvular  fold  already  alluded  to,  which  ascends 
from  below  and  behind,  and  rises  up  on  the  left  side  of  the  rim  of  the  foramen  ovale. 
This  rim  becomes  continuous  at  the  sides  with  the  valve,  but  above  its  free  margin, 
which  is  concave  and  turned  upwards,  the  foramen  is  left  open.  At  length  the  valve 
passes  for  some  distance  beyond  the  upper  part  of  the  foramen  ;  and  still,  owing  to  its 
position  on  the  left  side  of  the  opening,  it  permits  the  passage  of  blood  from  the  right 
to  the  left  auricle.  In  the  reverse  direction,  however,  it  closes  the  opening  and  no 
blood  can  pass. 


Fig.  247. 


Fig.   247. — YiEW  OP  THE  PoSTKRIOR  AND  LEFT 
SUEFAOE  OF  THE  HeART  OF  A  FcETUS  OP  POUn 

Months,  the  left  Auricle  beino  opened 
(from  Kiliau). 

a,  left  auriculo-ventricular  orifice  ;  c,  inferior 
vena  cava,  through  which  a  probe  b,  is  passed 
from  below,  and  thence  by  the  foramen  ovale 
into  the  left  auricle  ;  e,  left  auricular  appendage 
laid  Open  ;  o,  valve  of  the  foramen  ovale  seen 
to  be  attached  to  the  left  side  of  the  annulua 
ovalis  of  the  septum. 


The  pulmonary  artery  of  the  foetus,  in 
leaving  the  right  ventricle,  first  gives  ofi^ 
the  branch  to  the  right  lung,  and  then 
appears  to  divide  into  its  left  branch  and 
the  short  but  wide  tube  named  ductus 
arteriosus.  This  vessel,  which  is  nearly  as 
wide  as  the  pulmonary  artery  itself,  is  of  the 
thickness  of  a  goose-quill  at  the  time  of  birth, 
and  about  half  an  inch  long.  It  conducts  the 
chief  part  of  the  blood  of  the  right  ventricle 
into  the  aorta,  which  it  joins  obliquely  within 
the  termination  of  the  arch,  a  little  beyond 

the  origin  of  the  left  subclavian  a^te^J^ 

Besides  the  usual  branches  of  the  descending  aorta  intended  to  supply  the  abdominal 
viscera  and  the  lower  limbs,  two  large  vessels,  named  hypogastric  or  umbilical  arteries, 
are  prolonged  from  the  common  iliacs,  and  passing  out  of  the  abdomen,  proceed  along 
the  umbilical  cord,  coiling  round  the  umbilical  vein,  to  reach  the  placenta.  The  com- 
mencement of  each  of  these  vessels  afterwards  forms  the  trunk  of  the  corresponding 
internal  iliac  artery,  and,  from  their  size,  they  might  be  regarded  in  the  foetus  as  the 
continuations  of  the  common  iliac  arteries  into  which  the  aorta  divides.  From  the 
placenta  the  blood  is  returned  by  the  umbilical  vein,  which,  after  entering  the 
abdomen,  communicates  by  one  branch  with  the  portal  vein  of  the  liver,  and  sends 
another,  named  ductus  venosus,  to  join  the  vena  cava  inferior,  as  will  be  more  fully 
described  in  the  account  of  the  vessels  of  the  liver. 

Course  of  the  blood  in  the  fmtus.—1\iQ  right  auricle  of  the  foetal  heart  receives  its 
blood  from  the  two  vence  cavoe  and  the  coronary  vein.  The  blood  brought  by  the 
superior  cava  is  simply  the  venous  blood  relumed  from  the  head  and  upper  half  of 
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the  body ;  whilst  the  inferior  cava,  which  is  considerably  larger  than  the  superior, 
conveys  not  only  the  blood  from  the  lower  half  of  the  body,  but  also  that  which  is 
sent  back  in  a  purified  state  from  the  placenta  through  the  umbilical  vein.  This 
latter  stream  of  blood  reaches  the  vena  cava  inferior,  partly  by  a  direct  passage  — the 
ductus  venosus,  and  partly  by  the  hepatic  veins  after  circulating  through  the  liver  in 
the  ven£B  portte. 

The  blood  of  the  superior  vena  cava,  descending  in  front  of  the  Eustachian  valve, 
and  mixed  with  a  small  portion  of  that  from  the  inferior  cava,  passes  on  into  the 
right  ventricle,  and  is  thence  propelled  into  the  trunk  of  the  pulmonary  artery.  A 
small  part  of  it  is  then  distribuled  through  the  branches  of  that  vessel  to  the  lungs, 
and  returns  by  the  pulmonary  veins  to  the  left  auricle ;  but  by  far  the  larger  part 
passes  through  the  ductus  arteriosus  into  the  aorta,  entering  that  vessel  beyond  the 
place  of  origin  of  the  arteries  of  the  head  and  upper  limbs,  and,  mixed  probably 
with  a  small  quantity  of  the  blood  flowing  along  the  aorta  from  the  left  ventricle, 
descends  partly  to  supply  the  lower  half  of  the  body  and  the  viscera,  but  principally 
to  be  conveyed  along  the  umbilical  arteries  to  the  placenta.  From  all  these  parts  it 
is  returned  by  the  vena  cava  inferior,  the  venae  port89,  and  the  umbilical  vein;  and, 
as  already  noticed,  reaches  the  right  auricle  through  the  trunk  of  the  inferior  cava. 

The  blood  of  the  inferior  vena  cava  is  only  in  small  part  distributed  with  thai  of 
the  superior  cava;  by  far  the  larger  portion,  directed  by  the  Eustachian  valve  through 
the  foramen  ovale,  flows  from  the  right  into  the  left  auricle,  and  thence,  together  with 
the  small  quantity  of  blood  returned  from  the  lungs  by  the  pulmonary  veins,  passes 
into  the  left  ventricle,  from  whence  it  is  sent  into  the  arch  of  the  aorta,  to  be  dis- 
tributed almost  entirely  to  the  head  and  upper  limbs.  A  small  portion  of  it,  how- 
ever, probably  flows  on  into  the  descending  aorta  and  joins  the  large  stream  of  blood 
from  the  ductus  arteriosus.  Prom  the  upper  half  of  the  body  the  blood  is  returned 
by  the  branches  of  the  superior  cava  to  the  right  auricle,  from  which  its  course  has 
been  already  traced. 

Sabatier  was  of  opinion  that  no  mixture  of  the  two  streams  of  blood  from  the  two 
vense  cavse  took  place  in  the  right  auricle,  but  that  all  the  blood  of  the  inferior  cava 
passed  into  the  left  auricle  and  ventricle,  whilst  that  of  the  superior  cava  reached  the 
right  ventricle.  He  thought,  however,  that  the  two  kinds  of  blood  Avere  intermixed  at 
the  junction  of  the  ductus  arteriosus  with  the  aorta.  The  entire  separation  of  the  two 
streams  of  blood  of  the  vense  eavffi,  as  supposed  by  Sabatier,  is  not  generally  admitted 
in  the  mature  fcetus ;  but  there  is  reason  to  believe  that  it  does  take  place  in  earlier 
stages.  In  fact,  the  inferior  cava,  as  already  mentioned,  at  first  opens  into  the  left 
auricle,  and  must  therefore  convey  its  blood  immediately  into  that  cavity.  As  the 
fcetus  approaches  maturity,  more  and  more  of  the  blood  of  the  inferior  cava  joins  the 
stream  from  the  superior  cava  ;  and,  indeed,  the  course  of  the  blood,  and  the  relative 
position  of  the  veins,  as  well  as  other  original  peculiarities  of  the  foetal  heart,  become 
gradually  altered,  to  prepare  the  way  as  it  were  for  the  more  important  changes 
which  take  place  at  birth.  It  seems  also  probable  that  very  little  of  the  blood  pro- 
pelled from  the  left  ventricle  passes  into  the  descending  aorta  beyond  the  ductus 
arteriosus. 

From  the  preceding  account  of  the  course  of  the  blood  in  the  foetus,  it  will  be  seen, 
that,  whilst  the  renovated  blood  from  the  placenta  is  principally  conveyed  to  the 
upper  or  cephalic  half  of  the  foetus,  the  lower  half  of  the  body  is  chiefly  supplied  with 
the  blood  which  has  already  circulated  through  the  head  and  upper  limbs,  exhibiting 
in  this  a  certain  analogy  with  the  mode  of  circulation  in  the  turtle  and  various  other 
reptiles.  The  larger  portion  of  this  latter  stream  of  blood,  however,  is  again  sent  out 
of  the  body  to  be  changed  in  the  placenta.  This  duty  is  principally  performed  by 
the  right  ventricle,  which  after  birth  is  charged  with  an  office  somewhat  analogous,  in 
having  to  propel  the  blood  through  the  lungs.  But  the  passage  of  the  placental  blood 
is  longer  than  that  of  the  pulmonary,  and  the  right  ventricle  of  the  foetus,  althougli 
probably  aided  by  the  left  in  the  placental  circulation,  also  takes  a  large  share  in  the 
systemic  circulation  through  the  lower  half  of  the  body  ;  and  this,  perhaps,  may  be 
the  reason  why  the  right  diflers  less  in  thickness  from  the  left  ventricle  in  the  foetus 
than  in  the  adult. 

Changes  afler  hirth.—Thc  immediate  changes  which  take  place  at  birth  consist  of 
the  sudden  stoppage  pf  the  placental  circulation  and  the  simultaneous  commence- 
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Fig.  248. — SEMI-niAOKAMMATIO  VIEW  OP  TUE  OrQANS  OP  ClROULATION   IN  TUB  FffllHS 

FROM  BEFORE,  (modified  from  Lusclika  and  from  Nature).  § 

a,  front  of  the  thyroid  cartihige ;  6,  right  side  of  the  thyroid  body  ;  C,  trachea  ;  d, 
surface  of  the  right  luug  turned  outwards  from  the  heart ;  e,  diaphragm  below  the  apex 
of  the  heart ;  /,  right  lobe  of  the  liver,  dissected  to  show  ramifications  of  the  portal  and 
hepatic  veins  ;  /',  the  middle  part  and  left  lobe  of  the  liver  in  the  same  manner,  showing 
branches  of  the  umbilical  veins  and  ductus  venosus  ;  r/,  right,  </',  left  kidney  ;  </",  supra 
renal  bodies ;  h,  right,  h',  left  ureter ;  i,  portion  of  the  small  intestine  turned  towards 
the  side,  to  show  the  veins  from  it  going  to  the  portal  vein  ;  k,  urinary  bladder ;  I,  is 
placed  below  the  umbilicus,  which  is  turned  towards  the  left  of  the  fastus,  and  points 
by  a  line  to  the  urachus  ;  m,  rectum,  divided  and  tied  at  its  upper  part. 

A,  A,  right  auricle  of  the  heart  opened  to  show  the  foramen  ovale  :  a  probe,  intro- 
duced through  the  large  divided  right  hepatic  vein  and  vena  cava  inferior,  is  seen  passing 
through  the  fossa  ovalis  into  the  left  auricle  :  at  the  lower  part  of  the  fossa  ovalis  is  seen 
the  Eustachian  valve,  to  the  right  and  inferiorly  the  auriculo-ventricular  orifice  ;  B,  the 
left  auricular  appendix ;  C,  the  surface  of  the  right  ventricle  j  D,  placed  on  the  inner 
surface  of  the  left  lung,  points  to  the  left  ventricle. 

1,  ascending  part  of  the  arch  of  the  aorta  ;  1',  back  part  beyond  the  ductus  arteriosus  ; 
2,  stem  of  the  pulmonary  artery  ;  2',  the  place  of  division  into  right  and  left  pulmonary 
ai-teries  and  root  of  tlio  ductus  arteriosus  :  the  left  pneurao-gastric  nerve  is  seen  descend- 
ing over  the  arch  of  the  aorta  ;  3,  superior  vena  cava  ;  3',  right,  3",  left  inuominate  vein  ; 
4,  stem  of  the  inferior  vena  cava,  between  the  junction  of  the  hepatic  vein  and  the  right 
auricle ;  4',  continuation  of  the  vena  cava  inferior  below  ;  6,  umbilical  vein  within  the 
body  of  the  fojtus  ;  5  x  ,  without  the  body,  in  the  umbilical  cord  ;  5',  6',  ductus  venosus  ; 
between  5  aud  5',  the  direct  branches  of  the  umbilical  vein  to  the  liver  ;  6,  vena  portse  ; 
C,  its  left  branch  joining  the  umbilical  vein  ;  6",  its  right  branch  ;  7,  placed  on  the 
right  iliac  vein,  points  to  the  right  common  iliac  artery  ;  7',  left  common  iliac  artery  ;  8, 
right,  8',  left  umbilical  arteries  coming  from  the  internal  iliac  arteries ;  9,  9',  external 
iliac  arteries  ;  10,  placed  below  the  right  renal  vessels;  11,  inferior  mesenteric  artery, 
above  the  root  of  which  are  seen  the  two  spermatic  arteries. 

ment  of  an  increased  flow  of  blood  through  the  lungs,  which  then  perform  their  office 
as  respiratory  organs.  The  foramen  ovale,  the  ductus  arteriosus,  the  ductus  veuosus, 
and  the  umbilical  vessels,  all  parts  peculiar  to  the  foetus,  are  gradually  closed,  and  the 
right  and  left  cavities  of  the  heart  thenceforth  cease  to  communicate  directly  with 
each  other.  Accordiog  to  Bernt,  the  ductus  arteriosus  begins  to  contract  imme- 
diately after  several  inspirations  have  taken  place :  in  three  or  four  days  he  some- 
times found  it  closed ;  on  the  eighth  day  it  was  obliterated  in  one  half  the  cases 
examined,  and  on  the  tenth  day  in  all.  The  foramen  ovale  appears  to  continue  open 
a  little  longer,  and  it  sometimes  remains  more  or  less  so  throughout  life,  as  already 
stated.  The  umbilical  arteries,  the  umbilical  vein  and  the  ductus  venosus  shrink  and 
begin  to  be  obliterated  from  the  second  to  the  fourth  day  after  birth,  aud  are  gene- 
rally completely  closed  by  the  fourth  or  fifth  day. 


PULMOJ^TARY  VESSELS. 

PUtMOJSrAKY  ARTERY    AND  VEINS. 

The  pulmonary  artery  is  a  short  wide  vessel,  which  carries  the  dark  blood 
from  the  right  side  of  the  heart  to  the  lungs.  It  arises  from  the  iufundi- 
bulum  or  conus  arteriosus  of  the  right  ventricle,  and  passes  for  the  space  of 
nearly  two  inches  upwards,  and  at  the  same  time  backwards  and  to  the  left 
side,  to  reach  the  concavity  of  the  aortic  arch,  where  it  divides  into  its 
right  and  left  branches.  The  mode  of  attachment  of  the  pulmonary  artery 
to  the  base  of  the  ventricle  has  already  been  fully  noticed.  At  each  side 
ot  Its  commencement  is  the  corresponding  coronary  artery  springing  from 
the  aorta,  and  close  to  its  sides  are  the  two  auricular  appendages.  It 
IS  at  hrst  m  front  of  the  aorta,  and  conceals  the  origin  of  that  vessel  ; 
biit  higher  up,  where  it  lies  iu  front  of  the  left  auricle,  it  crosses  to  the 
lett  side  ot  the  ascending  aorta,  and  is  finally  placed  beneath  the  transverse 
part  ol  the  arch.    The  pulmonary  artery  and  the  aorta  are  united  together 
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by  connective  tissue  and  by  the  serous  layer  of  the  pericardium,  which  for 
the  space  of  about  two  inches  forms  a  single  tube  around  both  vessels, 
leather  to  the  left  of  its  point  of  bifurcation  it  is  connected  to  the  under 
side  of  the  aortic  arch  by  means  of  a  short  fibrous  cord,  which  passes 
obliquely  upwards,  backwards,  and  to  the  left.  This  is  the  remains  of  the 
ductus  arteriosu.s,  a  large  vessel  peculiar  to  the  foetus,  which  has  been 
ah-eady  described. 

The  two  branches  of  the  pulmonary  oHery. — The  right  branch,  longer  and 
somewhat  larger  than  the  left,  runs  almost  transver-sely  outwards  behind 
the  ascending  aorta  and  the  superior  vena  cava  into  the  root  of  the  right 
lung,  where  it  immediately  begins  to  divide  in  the  usual  manner  of  arteries. 
The  left  branch,  .shorter  than  the  right,  passes  horizontally  in  front  of  the 
descending  aorta  and  left  bronchus  into  the  root  of  the  left  lung,  to  undergo 
its  ramification. 

The  right  and  left  pulmonary  arteries,  at  the  root  of  the  lung,  both  lie 
in  front  of  the  bronchus  and  behind  the  veins.  On  the  right  side  the 
bronchus  is  highest  and  the  veins  lowest,  while  on  the  left  side  the  bronchus 
sinks  to  a  level  between  the  artery  and  veins. 

Ptdmonary  Veins. — The  pulmonary  veins,  which  convey  the  red  blood 
back  from  the  lungs  to  the  left  side  of  the  heart,  ultimately  converge  into 
four  short  venous  trunks,  which  are  found,  two  on  each  side,  in  the  root  of 
the  corresponding  lung.  The  two  veins  of  the  right  side,  which  are  longer 
than  those  of  the  left,  pass  below  the  right  pulmonary  artery,  and  behind 
the  superior  vena  cava,  the  right  auricle,  and  the  aorta,  to  enter  the  left 
auricle.  Not  uufrequently  a  third  smaller  vein  exists  on  the  right  side. 
The  two  left  pulmonaiy  veins  run  a  shorter  course  to  reach  the  auricle, 
passing  in  front  of  the  descending  aorta. 


SYSTEMIC  VESSELS. 
ARTERIES. 

THE  ACUTA. 

The  aorta,  the  large  main  trunk  of  the  systemic  arteries,  is  situated  partly 
within  the  thorax  and  partly  in  the  abdomen.  It  commences  at  the  left 
ventricle  of  the  heart,  and  after  arching  over  the  root  of  the  left  lung, 
descends  in  front  of  the  vertebral  column,  and  passing  through  the  diaphragm 
into  the  abdominal  cavity,  ends  opposite  the  fourth  lumbar  vertebra,  by 
dividing  into  the  right  and  left  common  iliac  arteries.  In  this  course  the 
aorta  forms  a  continuous  undivided  trunk,  which  gradually  diminishes  ia 
size  from  its  commencement  to  its  termination,  and  gives  oS  larger  or 
smaller  branches  at  various  points.  Different  parts  of  the  vessel  have 
received  particular  names,  derived  from  their  position  or  direction  : — the 
following  are  generally  recognized,  viz. ,  the  arch  of  the  aorta,  the  thoracic 
aorta,  and  the  abdominal  aorta.  The  short  curved  part,  which  reaches 
from  the  ventricle  of  the  heart  to  the  side  of  the  third  dorsal  vertebra,  is 
named  the  arch;  the  straight  part,  which  extends  from  that  vertebra  to  the 
diaphragm,  is  called  the  thoracic  aorta  ;  and  the  remainder  of  the  vessel, 
down  to  its  bifurcation,  is  designated  the  abdominal  aorta. 

Arch  of  the  Aoo-ta. 
The  arch  of  the  aorta  commences  at  the  upper  part  or  base  of  the  left 
ventricle  of  the  heart,  behind  the  pulmonary  artery.     At  first  it  passes 
upwards  and  to  the  right  side,  somewhat  in  the  direction  of  the  heart 
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itself,  and  crosses  obliquely  behind  the  steninm,  approaching  at  the  same 
time  more  nearly  to  that  bone.    Having  gained  the  level  of  the  upper 


Fig.  249.— View  OP  THE 
Aorta  from  bkpobk, 
with  tjie  first  part 
op  its  principal 
branches  dissected 
OUT  OF  THE  Body 
(from  R.  Quain).  J 

1,  commencement  of 
the  aorta  at  tho  place 
where  it  has  been  sepa- 
rated from  the  left  ■ven- 
tricle, showing  below  the 
semilunar  valves  closed, 
in  front  and  at  the  sides 
the  dilatations  corre- 
sponding to  these  valves, 
or  sinuses  of  Valsalva, 
and  above  these  the 
origin  of  the  right  and 
left  coronary  arteries  ; 
2,  the  ascending  part  of 
the  arch,  with  the  dilata- 
tion termed  sinus  of  the 
arch  ;  3,  the  back  of  the 
arch,  or  termination  of 
its  descending  portion  ; 

4,  innominate   artery ; 

5,  left  carotid ;  6,  left 
subclavian ;  7,  hollow 
of  the  arch,  and  far- 
ther down  the  aorta, 
7,  7,  indicate  two  out 
of  the  series  of  inter- 
costal arteries :  the  oeso- 
phageal arteries  are  also 
seen  rising  from  the 
front  of  the  thoracic 
aorta  ;  8,  8,  right  and 
left  renal  arteries  ;  9, 
Jl,  right  and  left  com- 
mon iliac  arteries  ;  10, 
middle  sacral  artery ; 
11,  marks  one  of  the 
inferior  diaphragmatic 
arteries;  +,  the  coaliac 
axis ;  12,  the  gastric 
artery;  13,  the  hepatic ; 
H,  the  sphenic ;  15, 
BTiperior      mesenteric ; 

16,  inferior  mesenteric  ; 

17,  right  and  left  sper- 
matic arteries. 
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Fig.  250. — View  OF  THE 
Aorta  from  behind, 
with  its  principal  io 
BRANCHES    (from  R. 
Quain).  \ 

The  numbers  have  the  same  signification  as  in  Fig.  249.  The  origin  of  the  right  and 
left  intercostal  arteries  close  to  each  other  and  near  the  middle  of  the  aorta  posteriorly  is 
shown. 
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border  of  the  second  costal  cartiLago  of  the  right  side,  the  vessel  alters  its 
course,  and  is  directed  upwards,  backwards,  and  to  the  left  side,  then 
directly  backwards,  in  contact  with  the  trachea,  to  the  left  side  of  the  body 

Fig.  251. — View  of  trb 

TnORACIO      AND  UPPER 

part  of  the  abdominaii 
Aorta,  showing  toeir 
relations  and  prinoipai, 

BRANOnuS  ;  TOGETHER 
WITH  A  SKETCH  OK  THE 
FIRST  PARTS  OP  THE  CA- 
ROTID   AND  SCBCLAVIAN 

Arteries,  i 

The  first  ribs  have  been 
removed  in  front  of  the 
attachment  of  the  scalenus 
anticus  muscles,  and  are 
supposed  to  be  drawn  some- 
what apart ;  the  rest  of  tlie 
ribs  down  to  the  eleventh 
are  divided,  along  with  the 
intercostal  muscles,  at  some 
distance  outside  their  angles ; 
the  internal  intercostal  mus- 
cles are  left  in  all  the  spaces 
excepting  the  seventh  and 
eighth,  in  which  they  are 
removed  so  as  to  expose  the 
external  layer.  The  dia- 
phragm has  been  cut  trans- 
versely near  its  crura,  and 
the  part  left  behind  is  sup- 
posed to  be  stretched  up- 
wards and  to  the  sides. 

a,  the  front  of  the  hyoid 
bone ;  b,  placed  on  the 
anterior  scalene  muscles, 
points  to  the  upper  part  of 
the  pneumogastric  nerves  ; 
c,  the  trachea  below  the 
isthmus  of  the  thyroid 
gland,  and  lower  down  the 
same  letter  is  on  the  left  bron- 
chus ;  </,  one  of  the  divisions 
of  the  right  bi-onchus  emerg- 
ing from  behind  the  aorta  ; 
in  the  hollow  of  the  aortic 
arch,  above  5,  are  seen  the 
cord  of  the  ductus  arteriosus 
eut  short,  and  the  left  re- 
current nerve  passing  below 
the  arch  ;  + ,  is  placed  on  the 
right  side  between  the  re- 
current nerve  and  the  ver- 
tebral artery  as  they  pass 
upwards;  d,  the ojsophagus ; 
c,  upon  the  right  crus  of  the 
diaphragm,  and  farther 
down  e',  mark  the  recepta- 
culum  chyli  of  the  thoracic 
duct,  and  its  commencement 

bv  the  lumbar  plexus  of  lymphatic  vessels  and  efferent  mesenteric  lacteal  vessels  ;  /,  on 
the  third,  seventh,  and  eleventh  ribs,  points  to  the  vena  azygos  and  superior  intercostal 
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veins  of  the  right  side ;  g,  kidney,  g\  suprarenal  body  ;  h,  body  of  the  fourth  lumbar 
vertebra. 

/,  sinus  of  the  aortic  arch  or  ascending  part  of  the  arch  :  below  this  the  semilunar 
valves  are  seen  closed  and  distended  by  injection  ;  /',  posterior  part  of  the  arch,  upon 
which  the  left  pneurao-gastric  nervo  is  seen  descending  ;  1",  descending  thoracic  part  of 
the  aorta  ;  //,  abdominal  aorta  emerging  from  between  the  crura  of  the  diaphragm  and 
descending  to  near  its  termination. 

Branches  of  the  arch  and  thoracic  aorta ;  1,  right  and  left  coronary  arteries  ;  2,  inno- 
minate ;  3,  left  carotid ;  4,  left  subclavian  ;  5,  bronchial  arteries ;  6,  6,  oesophageal 
arteries  :  tlie  lower  figure  points  by  a  line  to  the  thoracic  duct ;  7,  intercostal  arteries, 
marked  in  the  sixth  and  seventh  intercostal  spaces. 

Branches  of  the  abdominal  aorta  ;  8,  inferior  diaphragmatic  arteries  cut  short ;  9, 
cceliac  axis  with  the  gastric,  splenic,  and  hepatic  arteries  cut  short ;  10,  placed  on  the 
aorta  below  the  superior  mesenteric  artery  (cut  short)  and  the  origin  of  the  renal  arteries ; 
a  little  below  this  the  origin  of  the  spermatic  arteries  ;  below  //,  the  inferior  mesenteric 
artery,  11,  11,  two  of  the  lumbar  arteries. 

Branches  of  the  carotid  arteries  ;  the  greater  part  of  the  right  carotid  artery  has  been 
removed  to  show  the  ascent  of  the  vertebral  artei-y  in  the  canal  of  the  transverse  pro- 
cesses ;  +  is  placed  between  the  vertebral  artery  and  the  recurrent  laryngeal  nerve ;  3', 
internal  carotid  artery ;  4,  commencement  of  the  external  carotid  artery  ;  close  to  this 
the  superior  thyroid  artery  is  given  off,  which  is  seen  descending  to  the  larynx  and 
thyroid  body ;  5,  the  lingual  and  facial  arteries ;  6,  continuation  of  the  external 
carotid,  &c. 

Branches  of  the  subclavian  arteries  ;  on  the  right  side  the  middle  part  of  the  scalenus 
anticus  muscle  is  removed  ;  on  the  left  the  figure  4  is  placed  close  to  the  origin  of  the 
four  following  vessels  ;  5,  vertebral ;  6,  internal  mammary ;  7,  thyroid  axis  ;  7',  its 
supra  scapular  branch  ;  7",  its  transverse  cervical  branch  ;  8,  superior  intercostal  artery, 
supplying  two  spaces  on  the  right  side  and  one  on  the  left,  rising  in  common  with  tlie 
deep  cervical  which  turns  upwards  behind  the  subclavian  artei-y  ;  9,  a  posterior  scapular 
artery  rising  from  the  third  part  of  the  subclavian. 

of  the  second  dorsal  vertebra.  Arrived  at  that  point,  it  bends  downwards, 
inclining,  at  the  same  time,  a  little  towards  the  middle  line;  and  at  the 
lower  border  of  the  body  of  the  third  dorsal  vertebra,  on  its  left  side,  the 
arch  terminates  in  the  descending  portion  of  the  vessel.  At  its  origin,  the 
arch  of  the  aorta  is  larger  than  elsewhere,  and  presents  externally  three 
small  bulgings  of  nearly  equal  size,  corresponding  with  the  dilatations 
which  form  the  sinusas  of  Valsalva  or  of  the,  aortic  valves,  already  described 
with  the  heart.  Two  of  these  sinuses  are  placed  anteriorly  and  one 
posteriorly,  and  in  the  two  anterior  sinuses  are  seen  the  orifices  of  the  two 
coronary  arteries  of  the  heart,  the  first  branches  given  ofi"  by  the  aorta. 

From  the  difference  in  the  direction  and  connections  of  different  portions 
of  the  arch  it  is  described  as  consisting  of  an  ascending,  a  transverse,  and  a 
descendinff  portion. 

The  ascending  portion  of  the  arch  of  the  aorta  is  placed  at  its  commence- 
ment behind  the  sternum,  on  a  level  with  the  lower  border  of  the  third 
costal  cartilage  of  the  left  side  ;  and  it  rises  as  high  as  the  upper  border  of 
the  second  costal  cartilage  of  the  right  side.  Its  length  is  about  two  inches 
or  two  inches  and  a  quarter  ;  and  its  direction  is  curved. 

In  most  cases  there  exists  along  the  right  side  a  dilatation,  named  the 
great  sinus  of  the  aorta.    This  dilatation  varies  in  size  in  difi"erent  bodies 
and  occasionally  is  not  to  be  detected.  ' 

This  portion  of  the  aortic  arch  is  enclosed  in  the  pericardium  and 
together  with  the  pulmonary  artery,  is  invested  by  a  fold  of  the  scroiis 
layer  of  that  bag,  in  such  a  manner  that  both  vessels  are  covered  by  the 
serous  membrane,  except  where  they  are  in  contact  with  each  other 

At  Its  commencement  the  ascending  part  of  the  arch  is  concealed  by  the 
pulmona^  artery  and  by  the  right  auricular  appendage  which  overlaps  it  ; 
but,  further  up,  the  aorta  passes  to  the  right  side  and  the  pulmonary  artery 
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to  tlio  left,  and  thus  the  aorta  comes  into  view.  It  approaches  very  near  to 
the  sternum,  from  which  it  is  separated  only  by  the  pericardium,  by  some 
connective  tissue,  and  by  the  remains  of  the  thymus  gland  lodged  in  the 
mediastinal  space  :  higher  up,  the  descending  vena  cava  lies  on  the  right 
Bide,  and  the  pulmonary  artery  passes  backwards  on  the  left ;  while  behind 
are  placed  the  right  branches  of  "the  pulmonary  vessels. 

The  second  or  transverse  part  of  the  arch  is  covered  on  the  left  side  by 
the  left  pleura  and  lung,  and  is  placed  immediately  in  front  and  to  the 
left  of  the  trachea,  before  its  bifurcation  into  the  bronchi :  it  touches  like- 
wise the  oesophagus  posteriorly.  The  upper  border  of  the  transverse  part 
of  the  arch  has  in  contact  with  it  the  left  innominate  vein  ;  and  from 
it  are  given  off  the  large  arteries  (innominate,  left  carotid,  and  left  sub- 
clavian), which  are  furnished  to  the  head  and  the  upper  limbs.  The  lower 
or  concave  border  overhangs  the  bifurcation  of  the  pulmonary  artery,  and 
is  connected  with  the  left  branch  of  that  artery  by  the  remains  of  the 
ductus  arteriosus.  At  or  near  its  end  this  part  of  the  arch  is  crossed  in 
front  by  the  left  vagus  and  phrenic  nerves,  with  some  offsets  of  the  sympa- 
thetic ;  and  the  recurrent  laryngeal  branch  of  the  vagus  turns  upwards 
beneath  and  behind  it. 

The  descending  portion  of  the  arch  rests  against  the  left  side  of  the  body 
of  the  third  dorsal  vertebra,  and  is  covered  by  the  left  pleura.  To  the 
right  side  of  this  part  of  the  arch  is  the  oesophagus  with  the  thoracic  duct. 

Branches. — The  branches  given  off  from  the  arch  of  the  aorta  are  five  in 
number.  Two  of  these,  named  the  coronary  or  cardiac  arteries,  com- 
paratively small,  arise  from  two  of  the  sinuses  of  Valsalva,  and  are  distri- 
buted to  the  walls  of  the  heart.  The  other  three  are  large  primitive  trunks, 
which  supply  the  head  and  neck,  the  upper  limbs,  and,  in  part,  the  thorax, 
and  usually  arise  from  the  middle  or  highest  part  of  the  arch,  in  the  follow- 
ing order  : — first,  the  innominate  or  Irachio-cephalic  artery,  which  soon  sub- 
divides into  the  right  subclavia^i  and  the  right  carotid  arteries  ;  second,  the 
left  carotid  ;  and,  third,  the  left  subclavian  artery.  The  origin  of  the  left 
carotid  artery  is  usually  somewhat  nearer  to  the  innominate  artery  than  it  is 
to  the  subclavian  artery  of  its  own  side. 

PEOUiiiARiTiES.— (For  more  extended  information  on  the  peculiarities  of  the  aorta 
and  of  the  blood-vessels  in  general,  the  student  is  referred  to  "  The  Anatomy  of  the 
Arteries,"  by  Richard  Quain,  London,  1844.) 

I.  Peculiarities  of  the  Arch  itself. 

Variations  in  heirjht. — The  arch  sometimes  reaches  very  nearly  as  high  as  the  top 
of  the  sternum.  Occasionally  it  has  been  found  an  inch  and  a  half  below  that  level, 
and  in  rare  instances  as  much  as  three  inches  below  it. 

Double  arch. — This  very  rare  variety  has  been  known  to  occur  in  two  forms.  In 
both  of  these  the  trachea  and  cesopliagus  passed  through  the  circle  formed  by  the  two 
divisions  of  the  arch,  which  united  behind  them.  In  one  form  the  arch  retained  its 
inclination  to  the  left  side ;  the  pulmonary  arteiy,  placed  in  its  proper  position,  was 
united  to  the  left  division  of  the  aorca  by  the  obliterated  ductus  arteriosus ;  and 
from  each  division  of  the  arch  two  branches  arose,  the  carotid  and  subclavian.  In 
the  other  form  a  symmetrical  ring  was  completed  by  the  two  divisions,  each  giving 
rise  to  three  vessels — subclavian,  and  external  and  internal  carotid ;  while  the  pul- 
monary artery  dipped  into  the  circle  from  above,  and  sent  out  its  branches  beneath  it. 

Right  arch. —  Arching  of  the  aorta  to  the  right  side  has  been  observed  to  occur  in 
three  different  forms.  1st.  Accompanying  total  transposition  of  the  heart  and 
viscera.  2nd.  Occurring  without  transposition  of  other  parts,  and  with  the  left  in- 
nominate artery,  right  carotid,  and  right  subclavian  given  off  in  succession.  3rd. 
Occurring,  in  like  manner,  without  transposition  of  other  parts,  its  first  branch  being 
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the  left  common  carotid,  the  second  the  right  common  carotid,  the  third  the  right 
subclavian,  and  the  fourth  the  left  subclavian,  passing  behind  the  ajsophugus  to 
reach  its  destination. 

II.  Pecidianlies  affecting  (he  Primaiij  Branches. 

The  situation  of  the  branches. — Instead  of  springing  from  the  highest  part  of  the 
arch,  the  branches  are  frequentlj'  moved  altogether  to  the  right,  and  take  origin  from 
the  commencement  of  the  transverse  portion,  or  even  from  the  end  of  the  ascending 
portion  of  the  arch.  In  the  ordinary  arrangement  the  origin  of  the  left  carotid  is 
nearer  to  the  innominate  than  to  the  left  subclavian ;  but  the  branches  sometimcB 
arise  at  equal  distances  from  each  other,  or  are  unusually  widely  apart.  A  very 
frequent  change  consists  in  the  approximation  of  the  left  carotid  towards  the  in- 
nominate artery. 

The  number  and  an-angement  of  the  bi-anches. — These  are  extremely  various.  The 
most  frequent  change  met  with  is  their  reduction  to  two,  from  the  left  carotid  being 
united  in  a  common  trunk  with  the  innominate  artery.  In  cases  of  rare  occurrence, 
the  carotid  and  subclavian  arteries  of  the  left  side,  as  well  as  those  of  the  right, 
are  conjoined  in  an  innominate  artery. 

On  the  other  hand,  the  number  of  the  primary  branches  has  been  found  to  be 
augmented  to  four,  by  the  separation,  as  it  were,  of  the  innominate  artery  into  the 
right  carotid  and  subclavian  arteries,  both  arising  directly  from  the  aorta.  In  those 
ca.ses,  the  right  subclavian  artery  is  most  frequently  the  last  branch  given  off,  pro- 
ceeding from  the  back  part  of  the  arch,  and  passing  behind  the  oesophagus  to  reach 
its  destination ;  but  sometimes  it  is  given  off  in  its  proper  order,  as  the  first  branch, 
and  in  rare  instances,  it  has  been  the  second  or  third  branch  given  off,  in  which 
case  it  has  passed  behind  those  which  preceded  it,  to  reach  the  limb. 

In  those  instances  in  which  the  right  subclavian  is  the  last  vessel  given  off,  and  in 
some  other  abnormal  arrangements,  a  small  pouch-like  dilatation  is  sometimes  found 
on  the  arch,  which  is  a  vestige  of  the  right  aortic  root,  and  is  accounted  for  by  the 
changes  in  development  which  have  led  to  the  unusual  disposition  of  the  branches. 

A  remarkable  variety  is  on  record,  in  which  the  aorta  divided  at  once  into  two 
vessels,  as  is  the  usual  arrangement  in  some  quadrupeds,  all  the  arteries  for  the  head, 
neck,  and  upper  limbs,  taking  origin  by  a  single  trunk.  In  those  eases  the  single 
trunk  referred  to  passed  vertically  upwards  and  divided  into  three  branches,  in  the 
form  of  a  cross. 

An  abnormal  arrangement  of  three  branches  springing  from  a  normally -arranged 
arch  has  been  observed,  in  which  the  two  carotids  have  arisen  by  a  common  trunk, 
and  the  two  subclavians  separately— the  right  subclavian,  in  most  instances,  being 
transferred  beyond  the  other  branches  to  the  left  end  of  the  arch. 

III.  Peculiarities  in  which  one  or  more  Secondary  Branches,  usually  given  from 
the  Subclavian,  are  derived  directly  from  the  Aorta. 

Tn  nearly  all  instances  belonging  to  this  section,  there  is  only  one  secondary  branch 
taking  origin  from  the  aorta;  and  the  occurrence  may  either  accompany  the  ordinary 
arrangement  of  the  primary  branches,  or  co-exist  with  a  diminution,  or  with  an 
increase  in  their  number.  The  additional  branch,  when  it  is  a  normal  artery  trans- 
posed, is  almost  invariably  the  left  vertebral,  which  in  nearly  all  those  cases  arises 
between  the  left  carotid  and  left  subclavian  arteries ;  but  it  has  also  been  observed 
to  proceed  from  the  aorta  beyond  the  last-named  trunk.  Very  rarely  the  additional 
branch  is  the  right  vertebral. 

The  thyroidea  ima,  a  small  supernumerary  artery  occasionally  found  ascending  to 
the  thyroid  body,  sometimes  arises  from  the  arch  of  the  aorta. 

Development  of  variations  in  the  aortic  arch  and  its  braiiches.— Many  of  the  most 
frequent  variations  in  the  aiTangement  of  the  arch  of  the  aorta  and  its  branches  may 
of  tliJuHl!?  hrVl""'V"°  \"  *'^7'°P">«^t  of  those  vessels,  by  supposing  that  on^ 
tion        hin  ,  "^^^'•"^ted  in  early  foetal  life,  and  that  the  circula- 

t  on  has  been  carried  on  by  the  persistence  of  one  of  the  original  vessels  which 
otherwise  would  have  been  obliterated. 

Thus  in  the  case  of  double  aortic  arch,  both  the  fourth  branchial  vascular  arches 
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opmcnt  mSc  L  ill  t  r>ovnom  and  has  taken  on  permanent  deve: 

Konmen    Lvl  o  deviations  from  the  isual  proce.^  of 

nom beint  th.  fi  "7"   '"l  ^"'^^  °^  ''^^  "''^"^^  ''^''''^  ^^^^       ^  left  in- 

ZTr  tlf  «n   ?  '"''"^  "'''^S  from  the  arch,  and  to  the  right  carotid 

and  right  subclavian  arteries  rising  later  in  succcssioti.    Thus,  too  transference  of 

eft  ^ot  etcttTtbri^^^'./T      r"'^-'  ^^"^  in-minal  of  fnaSr 

ett  aoitic  aich  to  the  fourth  place  of  origin,  and  its  remarkable  passage  behind  the 

lllT/u  -T^  ^"""^"l^'^  P'-°'=^^''  f'-"™        obstruction^of  the  pa  t  of  he 

by  persistence  of  the  aortic  root  Itself  extending  from  the  main  aorta  below  upwarda 


Fig.  252. 


Fig.  252. — Diagrams  to  iLLrsTRAiK  the 

RELATION  OF  SOME  ABNORMAL  DISPOSI- 
TIONS OF  THE   AORTIO  AroH   AND  ITS 

Branches  to  the  Normal  Condition. 

(I)  The  normal  disposition  as  illus- 
trated by  Fig.  245,  p.  326;  (II),  an 
abnormal  right  aortic  arch  ;  (III),  a  left 
aortic  arch  with  the  right  subclavian  artery 
displaced  to  the  right  aortic  root ;  (IV), 
an  abnormal  right  aoitic  arch  with  the 
left  subclavian  displaced  to  the  left  aortic 
root.  Upper  A,  ascending  part  of  the 
aortic  arch  ;  lower  A,  descending  thoracic 
aorta ;  P,  pulmonai-y  trunk  ;  d,  ductus 
arteriosus ;  a,  right  aortic  root  or  its  re- 
mains ;  a',  left  aortic  root ;  c,  common 
carotid  arteries  ;  i,  innominate  artery  ; 
s,  right,  and  s',  left  subclavian  arte- 
ries; V,  right,  and  v',  left  vertebral 
arteries. 


to  the  subclavian  artery.  The  similar 
transference  of  a  left  subclavian  artery, 
in  combination  with  the  anomaly  of 
a  right  aortic  arch,  may  be  due  to  similar 
abnormal  states  of  development  occur- 
ring on  a  different  side.    So,  also,  many 
of  the  other  less  marked  variations  in 
the  number  and  position  of  the  perma- 
nent branches  proceeding  from  the  aortic  arch  probably  owe  their  origin  to  cognate 
departures  from  the  usual  process  of  change  in  those  parts  of  the  original  vascular 
arches  with  wliich  their  roots  are  connected. 

By  reference  to  development  we  are  likewise  enabled  to  understand  how  the  right 
aortic  arch  of  the  bird,  and  the  double  aortic  arch  of  reptiles,  arise  by  obliteration 
or  permanence  of  different  members  of  a  series  of  branchial  arches  comparable  with 
those  of  fishes. 

(Full  reference  to  the  history  of  cases  of  aortic  varieties  is  given  by  Turner,  "  On 
"Varieties  of  the  Arch  of  the  Aorta,"  Brit.  &  For.  Med.  Chir.  Review,  1863;  and  an 
account  of  the  origin  of  the  varieties  as  explained  by  the  observation  of  the  develop- 
ment of  the  vessels  is  given  in  the  same  paper,  and  in  that  of  A.  Thomson, 
"  Description  of  a  Case  of  Eight  Aortic  Arch,"  &c.,  Glasgow  Med.  Journ.  1862.) 


BEANCHES  OF  THE  ARCH  OF  THE  AORTA. 

THE  CORONARY  ARTERIES. 

The  coronary  or  cardiac  arteries  are  two  small  vessels,  named  right  and 
left  wliicli  arise  from  the  root  of  the  aorta  in  the  upper  parts  of  the  two 
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anterior  of  tlie  three  sinuses  of  Valsalva,  on  a  level  with  the  margins  of 

the  semilunai-  valves.  .      -  >       -n  ^„Tia  nhlinnplv 

Tlxe  right  coronary  artery,  about  the  size  of  a  crow's  quill,  runs  obliquely 
tow^ds  the  right  side  of  the  heart,  lodged  in  the  groove  which  separates 
hi  auricle  from  the  ventricle.    It  coutinues  its  course  m  the  same  groove 
along  the  posterior  aspect  of  the  organ,  until  it  reaches  the  hue  of  separation 
between  the  two  ventricles,  where  it  divides  into  two  branches.  The  smaller 

Fig.   253.— View  op  the  Heart   and  F'g-  253. 

Coronary  Arteries  vrom  before  (from 
R.  Quain).  i 

The  pulmonary  artery  has  been  cut  sliort 
close  to  its  origin  in  order  to  show  the  first 
part  of  the  aorta.  1,  anterior  part  of  the 
right  ventricle  ;  2,  left  ventricle  ;  3,  root  of 
the  pulmonary  artery  ;  4,  ascending  part  of 
the  arch  of  the  aorta ;  4',  the  posterior  or 
descending  part  of  the  arch  ;  between  these 
is  seen  the  transverse  or  middle  part  from 
which  the  brachio-cephalic  arteries  take  their 
origin ;  4",  the  descending  thoracic  aorta  ; 
5,  the  appendix  and  anterior  part  of  the 
right  auricle  ;  6,  those  of  the  left  auricle  ; 
7,  the  right,  and  7',  the  left  innominate  or 
braehio-cephalic  veins  joining  to  form  the 
vena  cava  superior  ;  8,  the  inferior  vena 
cava  below  the  diaphragm;  9,  one  of  the 
large  hepatic  veins  ;  + ,  placed  in  the  right 
auriculo-ventricular  groove,  points  to  the 
right  or  posterior  coronary  artery  ;  +  +, 
placed  in  the  anterior  inter-ventricular 
groove,  points  to  the  left  or  anterior  coronary 
artery. 

of  these  continues  transversely  in  the 
groove  between  the  left  auricle  and 
ventricle,  approaching  the  termina- 
tion of  the  transverse  branch  of  the 
left  coronary  artery  ;  while  the  other 
branch  runs  longitudinally  downwards 
along  the  posterior  wall  of  the  septum  between  the  ventricles,  giving 
branches  to  each  ventricle  and  to  the  septum  between  them. 

In  its  course  the  right  coronary  artery  gives,  besides  the  offsets  already 
noticed,  small  branches  to  the  right  auricle  and  ventricle,  and  also  to  the 
first  part  of  the  pulmonary  artery.  Along  the  right  border  of  the  ventricle 
a  rather  large  branch  usually  descends  towards  the  apex  of  the  heart,  and 
gives  offsets,  in  its  progress,  to  the  anterior  and  posterior  surfaces  of  the 
ventricle. 

The  left  coronary  artery  is  rather  smaller  than  the  preceding,  and  arises 
from  the  left  anterior  sinus  of  Valsalva.  It  passes  behind  and  then  to  the 
left  side  of  the  pulmonary  artery,  appearing  between  that  vessel  and  the 
left  auricular  appendage.  At  first  it  descends  obliquely  towards  the  anterior 
interventricular  sulcus,  where  it  divides  into  two  branches.  Of  these,  one 
pursues  a  transverse  direction,  turning  outwards  and  to  the  left  side  in  the 
groove  between  the  left  ventricle  and  auricle,  and  approaching  at  the 
posterior  aspect  of  the  heart  the  transverse  branch  of  the  right  coronary 
artery ;  the  other  branch,   much  the  larger,  descends  on  the  anterior 
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surface  of  the  heart  along  the  line  of  the  iuterventricular  groove,  to 
the  right  of  the  apex.  ' 

The  left  coronary  artery  supplies  some  small  branches  at  its  commence- 
ment to  the  pulmonary  artery,  to  the  coats  of  the  aorta,  and  to  the  left 
auricular  appendage  ;  its  two  branches  also  furnish  throughout  their  course 
smaller  oftsets,  which  supply  the  left  auricle,  both  ventricles,  and  the 
interventricular  septum. 

It  has  been  customary  to  describe  the  transverse  branches  of  the  coronary  arteries 
as  anastomosing  in  the  left  auriculo-ventricular  sulcus,  and  the  descending  branches 
as  anastomosing  near  the  apex  of  the  heart,  and  this  description  was  never  doubted 
till  it  was  found  by  Hyrtl,  as  the  result  of  separate  injection  of  these  vessels,  that 
the  branches  of  one  coronary  artery  cannot  be  injected  with  material  introduced  into 
the  other.    (Nat.  Hist.  Review,  1861,  p.  321.) 

Peculiarities.— The  coronary  arteries  have  been  observed  in  a  few  instances  to 
commence  by  a  common  trunk,  from  which  they  diverged  and  proceeded  to  their 
usual  destination.  The  existence  of  three  coronary  arteries  is  not  a  very  rare  occur- 
rence, the  third  being  small,  and  arising  close  by  one  of  the  others.  Meckel,  in  one 
instance,  observed  four,  the  supplementary  vessels  appearing  like  branches'  of  one 
of  the  coronary  arteries  transferred  to  the  aorta. 


THE  INNOMINATE  ARTERY. 

The  innominate,  or  brachio-cephalic,  artery,  the  largest  of  the  vessels 
■which  proceed  from  the  arch  of  the  aorta,  arises  from  the  commencement  of 
the  transverse  portion  of  the  arch,  before  the  left  carotid  artery.  From  this 
point  the  vessel  ascends  obliquely  towards  the  right,  until  it  arrives  opposite 
the  sterno- clavicular  articulation  of  that  side,  nearly  on  a  level  with  the 
upper  margin  of  the  clavicle,  where  it  divides  into  the  right  subclavian  and 
the  right  carotid  artery.  The  place  of  bifurcation  would,  in  most  cases,  be 
reached  by  a  probe  passed  backwards  through  the  cellular  interval  between 
the  sternal  and  clavicular  portions  of  the  sterno-mastoid  muscle.  The 
length  of  the  innominate  artery  is  very  variable,  but  usually  ranges  from  an 
inch  and  a-half  to  two  inches. 

This  artery,  lying  for  the  most  part  within  the  thorax,  is  placed  behind 
the  first  bone  of  the  sternum,  from  which  it  is  separated  by  the  sterno- 
hyoid and  sterno-thyroid  muscles,  and  a  little  lower  down  by  the  left 
innominate  vein,  which  crosses  the  artery  at  its  root.  The  lower  part  of 
the  innominate  artery  lies  in  front  of  the  trachea,  which  it  crosses  obliquely : 
on  its  left  side  is  the  left  carotid  artery,  with  the  thymus  gland  or  its 
remains  ;  and  to  the  right  is  the  corresponding  innominate  vein  and  the 
pleura. 

No  branches  usually  arise  from  this  vessel. 

Peculiarities. — The  length  of  the  innominate  artery  sometimes  exceeds  two 
inches,  and  occasionally  it  measures  only  one  inch  or  less.  Its  place  of  division  is  a 
point  of  surgical  interest,  inasmuch  as  upon  it.  in  a  great  measure  depends  the  acces- 
sibility of  the  innominate  in  the  neck,  and  the  length  of  the  right  subclavian  artery. 
It  has  sometimes  been  found  dividing  at  a  considerable  distance  above  the  clavicle, 
and  sometimes,  but  less  frequently,  below  it.  Though  usually  destitute  of  branches, 
this  vessel  has  been  observed  to  supply  a  thyroid  branch,  the  thyroidea  ima,  and 
sometimes  a  thymic  branch,  or  a  bronchial,  which  descends  in  front  of  the  trachea. 

The  thyroidea  ima  is  an  occasional  artery.  When  present,  it  usually  arises  (as 
already  stated)  from  the  innominate  trunk,  but  in  rare  instances  it  has  been  observed 
to  come  from  the  right  common  carotid  arterj',  or  from  the  aorta  itself.  It  is  of  very 
different  size,  in  different  bodies,  and  compensates  in  various  degrees  for  deficiencies 
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or  absence  of  the  other  thyroid  arteries.  It  ascends  to  its  destination  in  front  of  the 
trachea,  and  its  presence  might  therefore  complicate  the  operation  of  tracheotomy. 


■   COMMON  CAROTID  ARTERIES. 

The  common  or  primitive  carotid  arteries  of  the  right  and  left  sides  of 
the  body  are  nearly  similar  in  their  course  and  position  whilst  they  are  in 
the  neck  ;  but  they  diller  materially  in  their  place  of  origin,  and  conse- 
quently in  their  length  and  position,  at  their  commencement.  On  the 
right  side  the  carotid  artery  commences  at  the  root  of  the  neck  behind 
the  upper  part  of  the  sterno-clavicular  articulation,  at  the  bifurcation  of  the 
innominate  artery  ;  but  on  the  left  side  the  carotid  arises  within  the  thorax, 
from  the  highest  part  of  the  arch  of  the  aorta,  very  near  the  origin  of  the 
innominate  artery.  The  left  carotid  is  therefore  longer  than  the  right,  and 
it  is  at  first  placed  at  some  depth  within  the  thorax. 

In  consequence  of  this  difference,  it  is  convenient  to  describe,  at  first, 
the  thoracic  portion  of  the  left  carotid,  or  that  part  which  intervenes 
between  the  arch  of  the  aorta  and  the  sterno-clavicular  articulation, — after 
which  the  same  description  will  suffice  for  both  vessels. 

Within  the  thorax,  the  left  carotid  ascends  obliquely  behind  and  at 
some  distance  from  the  upper  piece  of  the  sternum  and  the  muscles 
(sterno-hyoid  and  steruo-thyroid)  connected  with  that  part  of  the  bone ;  it 
is  covered  in  front  by  the  remains  of  the  thymus  gland,  and  is  crossed  by 
the  left  innominate  vein.  This  part  of  the  artery  lies  in  front  of  the 
trachea,  and  of  the  oesophagus,  which,  at  the  root  of  the  neck,  deviates  a 
little  to  the  left  side  ;  the  thoracic  duct  is  also  behind  it.  The  left  carotid 
artery  here  lies  between  the  innominate  and  the  left  subclavian  arteries,  and 
the  vagus  nerve  is  to  its  outer  side. 

In  the  neck  the  common  carotid  artery  of  either  side  reaches  from  behind 
the  sterno-clavicular  articulation  to  the  level  of  the  upper  border  of  the 
thyroid  cartilage,  where  it  divides  into  two  great  branches,  of  which  one  is 
distributed  to  the  cranium  and  face,  and  the  other  to  the  brain  and  eye. 
These  divisions  have,  from  their  destination,  been  named  respectively  the 
external  and  internal  carotid  arteries. 

The  oblique  course  taken  by  the  common  carotid  artery  along  the  side  of 
the  neck  is  indicated  by  a  line  drawn  from  the  sterno-clavici;lar  articulation 
to  a  point  midway  between  the  angle  of  the  jaw  and  the  mastoid  process  of 
the  temporal  bone.  At  the  root  of  the  neck,  the  arteries  of  opposite  sides 
are  separated  from  each  other  only  by  a  narrow  interval,  corresponding 
with  the  width  of  the  trachea  ;  but,  as  they  ascend,  they  are  separated  bj 
a  much  larger  interval,  corresponding  with  the  breadth  of  the  pharynx  and 
larynx.  The  carotid  arteries  have  the  appearance  of  being  placed  farther 
back  at  the  upper  than  at  the  lower  part  of  the  neck,  owing  to  the  forward 
projection  of  the  larynx  above. 

The  common  carotid  artery  is  enclosed,  together  with  the  internal  jugular 
vein  and  the  vagus  nerve,  in  a  common  membranous  investment,  continuous 
with  the  deep  cervical  fascia.  Separated  by  means  of  this  sheath  from  all 
the  surrounding  parts,  except  the  vein  and  nerve  just  mentioned,  the 
carotid  artery  is  deeply  placed  at  the  lower  part  of  the  neck,  but  is  com- 
paratively superficial  towards  its  upper  end.  It  is  covered  below  by  the 
stemo-mastoid,  stemo-hyoid,  and  sterno-thyroid  muscles,  in  addition  to  the 
platysma  and  the  layers  of  fascia  between  and  beneath  the  muscles  •,  and  it 
is  crossed  opposite  or  near  the  lower  margin  of  the  cricoid  cartilage  by 
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tlxe  omo-hyoid  muscle.  From  tins  point  upwards  to  its  bifurcation,  the 
vessel  IS  covered  by  the  sterno-mastoid,  by  the  platysma  and  fascik  and 
by  the  common  integument  j  and  Uea  in  a  triangular  space  bounded  by  the 
sterno-mastoid,  the  omo-hyoid,  and  the  digastric  muscles. 

Fig  254. 


Fig.  254.- — View  op  the  Right  Common  Carotid  and  Subclavian  Arteries,  with 
THE  Origin  of  their  Branches  and  their  Relations  (from  R.  Quain).  J 

The  sterno-mastoid,  stevno-thyroid,  stemo-liyoid,  and  omo-hyoid  muscles  have  been 
removed,  the  trapezius  has  been  detached  from  the  outer  part  of  the  clavicle  and  turned 
backwards,  and  the  inner  part  of  the  clavicle  has  been  removed  :  a,  parotid  gland  near 
the  place  where  the  duct  of  Stenson  leaves  it ;  b,  angle  of  the  jaw  and  masseter  muscle  ;  c, 
submaxillary  gland,  enclosed  between  the  digastric  and  stylo-hyoid  muscles  ;  d,  divided 
upper  part  of  the  sterno-mastoid  muscle;  e,  front  of  the  hyoid  bone;  /,  thyroid  cartilage; 
g,  isthmus  of  the  thyroid  gland  ;  h,  the  trachea  above  the  inter-clavicular  notch  of  the 
sternum  ;  i,  i',  the  sawn  ends  of  the  clavicle,  the  portion  between  theiu  having  been 
removed ;  h,  the  first  rib,  below  which  is  seen  the  divided  edge  of  the  great  pectoral 
muscle,  and  beside  it  the  subclavins  ;  /,  front  of  the  stei-num  ;  m,  scalenus  mcdius  ;  n, 
levator  anguli  scapulas ;  o,  deep  surface  of  the  trapezius,  which  is  turned  aside  ;  x>,  on  the 
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longus  colli  muscle,  pointing  to  the  pneuraogastrio  nerve ;  IV,  the  uppermost  of  the  nerves 
of  the  axillary  plexus  ;  A,  the  inaotninato  artery ;  1,  right  common  carotid  artery  ; 
r.  placed  on  the  left  sterno-thyroid  muscle,  points  to  a  part  of  the  left  common  carotid  ; 
2,  internal  carotid  ;  2',  upper  part  of  the  internal  jugular  vein,  which  hii-s  been  removed 
between  i,  and  2'  ;  3,  and  4,  external  carotid  ;  3,  is  placed  at  tiie  origin  of  the  superior 
tliyroid  artery  ;  4,  at  that  of  the  lingual  :  farther  up  the  vessel  may  be  seen  the  separa- 
tion of  the  sterno-mastoid  twig  and  the  facial  and  occipital  branches  from  the  main  vessel ; 
.'i,  is  placed  on  the  thyro-hyoid  muscle  between  the  hyoid  and  laryngeal  branches  of 
the  superior  thyroid  artery;  6',  the  thyroid  or  glandular;  G,  the  facial  artery  passing 
over  the  base  of  the  jaw ;  7,  the  superficial  temporal  artery  ;  8,  the  first  part,  8',  the 
third  part  of  the  arch  of  the  subclavian  artery;  8",  the  subclavian  vein  separated  from 
the  artery  by  the  scalenus  anticus  muscle,  shown  by  the  removal  of  a  portion  of  the 
clavicle ;  9,  is  placed  on  the  scalenus  anticus  muscle  in  the  angle  between  the  trans- 
vorsalis  colli  and  supra-scapular  branches  of  the  thyroid  axis;  10,  outer  part  of  tiie  supra- 
scapular artery  ;  10',  transverse  cervical  branches  passing  into  the  deep  surface  of  the 
trapezius;  10",  the  posterior  scapular  artery,  represented  as  rising  directly  from  the 
third  part  of  the  subclavian  artery,  and  passing  through  the  axillary  plexus  of  nerves 
and  under  the  levator  anguli  scapula) ;  11,  on  the  scalenus  anticus  muscle,  points  to  the 
inferior  thyroid  artery  near  the  place  where  the  ascending  muscular  artery  of  the  neck  is 
given  off ;  the  phrenic  nerve  lies  on  the  muscle  to  the  outside  ;  at  i,  the  supra-sternal 
twig  of  the  supra-scapular  artery  is  shown. 

Posteriorly,  the  artery  is  supported  by  the  cervical  vejtebrse,  the  longus 
colli  and  rectus  capitis  anticus  muscles  intervening.  Hence  the  flow  of 
blood  through  it  may  be  commanded  by  pressure  dii-ected  backwards  against 
the  vertebral  column.  The  inferior  thyroid  artery  crosses  behind  the 
carotid  sheath. 

On  the  inner  side  the  vessel  is  in  juxtaposition  with  the  trachea  below, 
and  with  the  thyroid  body  (which  often  overlaps  the  artery the  larynx, 
and  the  pharynx  higher  up.  Along  its  outer  side  are  placed  the  internal 
jugular  vein  and  the  vagus  nerve. 

Eelation  to  Veins. — The  internal  jugular  vein  is  close  to  the  artery  at  the 
upper  part  of  the  neck,  but  in  approaching  the  thorax,  the  veins  of  both 
sides  incline  to  the  right,  and  hence  that  of  the  right  side  is  separated  from 
the  artery  by  an  angular  interval,  whUe  that  of  the  left  side  approaches  the 
artery,  and  even  lies  in  front  of  it  at  the  lower  part  of  the  neck. 

Crossing  over  the  upper  part  of  the  common  carotid  artery  to  join  with 
the  jugular  vein,  are  two  or  more  superior  thyroid  veins,  which  occasionally 
form  a  sort  of  plexus  over  the  artery.  A  middle  thyroid  vein  not  unfrequently 
crosses  the  artery  about  half  way  up  the  neck. 

The  anterior  jugular  vein,  where  it  turns  outwards  under  the  sterno- 
mastoid  muscle  to  join  the  subclavian,  crosses  the  lower  part  of  the  artery 
This  vein  is  generally  of  small  size,  but  occasionally  is  rather  larg-  and  is 
placed  nearly  over  the  carotid  artery  along  the  neck. 

Belation  to  Nerves.— The  descending  branch  of  the  hypo-glossal  nerve 
descendens  noni,  usually  rests,  together  with  the  branches  of  cervical  nerves 
which  join  It,  on  the  fore  part  of  the  sheath  of  the  carotid  artery  aud 
crosses  It  from  the  outer  to  the  inner  side  :  in  some  instances  this  branch 
descends  withm  the  sheath  between  the  carotid  artery  and  juguhu-  vein 
The  vagus  nerve  lies  within  the  sheath  of  the  vessels  between  the  artery  and 
v^m  postenor  y  :  it  was  in  one  case  observed  to  descend  over  the  artery 
The  sympathetic  nerve  is  placed  along  the  back  of  the  sheath,  between  it  and 

behirSetnn™"'  ?  r.l^  ^"^^'^^''^^^  i^^^rds 

oenina  tlie  upper  part  of  the  sheath. 

coJthuicsTen;,  S^ye,  off  no  branch,  and  therefore 

^sl  ^h  Lkrl^r  T"  '  1      ^^"^"^  ^'^"Sth,  except  at  its  bifurcation,  where 
a  sugnt  oulargemcnt  is  observable. 
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Fig.  256. 


Fig.  255. — Dissection  of  the  Right  Side  of  the  Neck  to  show  the  Muscular 
TaiANGLKs,  the  Oarotid  and  Subclavian  Arteries,  &o.  (from  R.  Quainj.  ^ 

a,  angle  of  the  jaw  and  masseter  muscle;  6,  parotid  gland  ;  +,  the  posterior  belly  of 
the  digastric  muscle  ;  c,  submaxillary  gland  ;  d,  upon  the  mylohyoid  muscle  below  the 
anterior  belly  of  tbe  digastric  muscle,  and  above  the  front  of  the  hyoid  bone  ;  e,  upper 
belly  of  the  omohyoid  muscle;  e',  lower  belly;  /,  sterno-byoid  muscle;  g,  sterno- 
thyroid ;  ],  upon  the  sterno-niastoid  muscle,  points  by  a  line  to  the  upper  part  of  the 
common  carotid  artery  ;  2,  upon  the  scalenus  jinticus  muscle,  points  to  the  third  part  of 
subclavian  artery  ;  3,  upon  the  scalenus  medius,  points  to  the  superficial  transverse  cervical 
artery  crossing  the  axillary  nerves  ;  4,  points  to  the  posterior  scapular  artery,  passing 
under  the  levator  scapuliB  muscle  ;  5,  placed  upon  the  clavicle,  points  to  the  supra- 
scapular artery  ;  6,  external  carotid  artery  ;  6',  internal  carotid  aitery  ;  7,  upon  the  thyro- 
hyoid muscle,  points  to  the  superior  thyroid  artery  giving  superiorly  its  hyoid  branch  ; 
8,  is  placed  upon  the  hyo-glossus  muscle  within  tbe  arch  of  the  lingual  artery ;  9,  placed 
on  the  stylo-hyoid  muscle,  indicates  the  facial  artery  ;  10,  origin  of  the  occipital  artery, 
from  the  root  of  which  the  smjtll  sterno-mastoid  artery  is  given  off;  between  the  occipital 
and  the  facial  arteries,  upon  the  posterior  belly  of  the  digastric  muscle,  points  to  the 
continuation  of  the  external  carotid  artery  before  entering  tlie  parotid  gland. 


The  absence  of  branches  from  the  trunk  of  the  common  carotid  is  connected  with 
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the  original  absence  of  the  neck  in  the  foetus,  and  the  comparatively  late  period 
at  which,  when  the  neck  is  formed,  the  carotid  artery  becomes  elongated  with  it. 

Peculiarities. — Orijin. — 'Yhcricjht  carotid  artery  occasionally  arises  directly  from 
the  aorta,  or  in  conjunction  with  the  left  carotid.  When  it  arises  from  the  aorta, 
it  is  usually  the  first  vessel  from  the  arch,  the  subclavian  being  displaced ;  but  it  has 
been  found  to  occupy  the  second  place, — the  right  subclavian,  or,  very  rarely,  the  left 
carotid  being  the  first. 

The  place  at  which  the  right  carotid  artery  commences,  varies  with  the  point  of 
bifurcation  of  the  innominate  artery.  A  change  from  the  usual  position  on  a  level 
with  the  upper  border  of  the  clavicle  was  found  by  R.  Quain  in  the  proportion  of 
about  one  case  in  eight  and  a  half  of  those  obscnxd  by  him ;  and  it  was  found  to 
occur  more  frequently  above  than  below  that  point. 

The  loft  carotid  artery  varies  in  its  origin  much  more  frequently  than  the  right. 
In  the  greater  number  of  its  deviations  from  the  ordinary  place  of  origin,  this  artery 
arises  from,  or  in  conjunction  with  the  innominate  artery ;  and  in  those  cases  in 
which  the  right  subclavian  is  a  separate  branch  of  the  aorta,  the  two  carotids  most 
frequently  arise  by  a  common  trunk. 

In  cases  of  transposition,  or  of  right  aortic  arch  without  other  abnormality,  the 
left  common  carotid  springs  from  a  left  innominate  artery,  which  is  the  first  vessel 
to  rise  from  the  arch,  and  the  right  carotid  is  the  second  vessel. 

Place  of  division. — This  often  deviates  somewhat  from  its  usual  position;  it  does 
so  more  frequently  in  an  upward  than  in  a  downward  direction.  It  is  often  as  high 
as  the  03  hyoides,  and  occasionally  much  higher.  It  is  found  from  time  to  time  oppo- 
site the  middle  of  the  larynx,  and,  in  rare  instances,  opposite  the  lower  margin  of  the 
cricoid  cartilage,  or  even  lower. 

One  case  was  observed  by  Morgagni,  in  which  the  carotid  artery,  measuring  one 
inch  and  a  half  in  length,  divided  at  the  root  of  the  neck.  ("  De  Sedibus  et  Causis 
Morborum,"  &c.    Epist.  29,  Art.  20.) 

The  common  carotid  artery  has  been  found,  as  a  very  rare  occurrence,  to  ascend  in 
the  neck  withoid  dividing  into  its  two  usual  terminal  branches  ;  the  internal  carotid 
artery  being  altogether  wanting. 

In  two  recorded  cases  the  common  carotid  artery  was  absent ;  the  external  and 
internal  carotids  arising  directly  from  the  arch  of  the  aorta. 

Occasional  branches. —The  common  carotid  artery  sometimes  gives  origin  at  its 
upper  part  to  the  superior  thyroid  artery,  and,  in  some  rare  cases,  to  a  laryngeal  or 
an  inferior  thyroid  branch ;  also,  in  a  few  instances,  to  the  vertebral  artery. 


EXTERNAL  CAROTID  ARTERY. 

The  external  carotid  artery,  distributed  mainly  to  the  face  and  to  the 
Tealls  of  the  cranium,  is  smaller  than  the  internal  carotid  in  young  per- 
sons ;  but  the  two  are  nearly  of  equal  size  in  adults.  It  reaches  from 
the  pomt  of  division  of  the  common  carotid,  opposite  the  upper  margin  of 
the  thyroid  cartilage,  to  the  neck  of  the  condyle  of  the  lower  jaw-bone  or  a 
little  lower,  and  there  divides  into  its  two  terminal  branches,  the  temporal 
and  the  mternal  maxillary.  It  diminishes  rapidly  as  it  ascends,  owincr  to 
the  number  and  size  of  the  branches  which  spring  from  it.  ° 

At  first  the  external  carotid  lies  nearer  to  the  middle  line  of  the  body 
than  the  internal  carotid  ;  but  it  soon  becomes  superficial  to  that  arterv  at 
the  same  time  curving  slightly  forwards  as  it  ascends  to  its  place  of  division 
^^^0,^1°"^?!,       'T*°7-''  ^^"^^^^^'l  by  the  sterno-mastoid  muscle,  emerging 

Wcied  bv  the  J'''        r^-r  "  ^"'-^"^^^^^^  intermuscular  space 

Imes  deeSv  tl     r        '  'T^^'^'^  '"^"^^  '^'^^'''^'^  J  then 

nuscTes  aM^^^^  passing  beneath  the  stylo-hyoid  and  digastric 

gland.    In  the  lower  part  of  its  course  it  is  in  contact  with  the  pharynx 
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and  hyoid  bone  ;  further  up  it  is  separated  by  a  portion  of  tlie  parotid 
gland  from  the  back  of  the  ramus  of  the  lower  jaw,  and  rests  upon  the 
styloid  process  and  the  stylo-pharyngeus  muscle,  which,  with  the  glosso- 
pharyngeal nerve,  are  interposed  between  it  and  the  internal  carotid  artery. 

Relation  to  Veins. — This  artery  has  usually  no  companion  vein,  though 
it  may  be  crossed  superficially  by  small  branches  of  the  contiguous  veins  ; 
but  when  the  internal  maxillary  vein  joins  the  deep  instead  of  the  superficial 
jugular,  it  accompanies  the  external  carotid. 

Relation  to  Nerves. — Close  to  the  digastric  muscle  the  external  carotid 
artery  is  crossed  by  the  hypoglossal  nerve,  and  at  a  short  distance  from  its 
upper  end,  in  the  substance  of  the  parotid  gland,  by  the  facial  nerve.  The 
glosso-pliaryngeal  nerve  lies  between  it  and  the  internal  carotid  ;  and  the 
superior  laryngeal  nerve  is  under  both  vessels. 

Branches. — The  branches  of  the  external  carotid  artery  are  eight  in 
number,  viz.  three  directed  forwards,  the  superior  thyroid,  the  lingual,  and 
the  facial  ;  two  directed  backwards,  the  occipital,  and  posterior  auricular  ; 
and  three  extending  upwards,  the  ascending  pharyngeal  branch,  together 
with  the  temporal  and  internal  maxillary,  the  two  terminal  branches  into 
which  the  artery  divides. 

In  addition  to  the  principal  branches  here  enumerated,  the  external 
carotid  gives  off  small  offsets  to  the  parotid  gland. 

PEOTTLiARiTiEg.— The  peculiarities  in  the  origin  of  this  vessel  have  been  noticed 
along  with  those  of  the  common  carotid  artery. 

The  branches  are  not  unfrequently  crowded  together  on  the  main  stem,  near  the 
commencement,  or  at  a  higher  point.  Occasionally  they  take  origin  at  regular  dis- 
tances in  the  whole  length  of  the  vessel. 

The  usual  number  of  branches  may  be  diminished  by  the  association  with  another 
artery  of  one  of  the  ordinary  branches,  or  by  the  union  into  a  single  trunk  of  two  or 
three  branches  which  are  usually  derived  separately  from  the  main  artery  :  so  also  the 
number  may  be  augmented  by  the  transfer  to  this  vessel  of  some  branch  not  ordi- 
narily derived  from  it,  or  by  the  addition  of  some  unusual  branch. 

There  is  frequently  present  a  small  distinct  branch  for  the  sterno-mastoid  muscle, 
which  bends  outwards  over  the  hypoglossal  nerve. 


BRANCHES  OP  THE  EXTERNAL  CAROTID  ARTERY. 

1.    STTPERIOR  THYROID  ARTERT. 

The  superior  thyroid  artery,  the  first  of  the  anterior  set  of  branches,  is 
given  off  close  to  the  commencement  of  the  external  carotid,  immediately 
below  the  great  cornu  of  the  hyoid  bone.  From  this  point  the  arteiy  curves 
forwards  and  downwards  to  the  upper  margin  of  the  thyroid  cartUage  ;  it 
then  descends  a  short  distance  beneath  the  omo-hyoid,  sterno-hyoid  and 
sterno-thyroid  muscles,  furnishing  offsets  to  those  muscles  ;  and,  reaching  the 
anterior  surface  of  the  thyroid  body,  distributes  branches  to  its  substance, 
and  communicates  freely  with  the  branches  of  the  inferior  thyroid  ai-tery. 

Branches. — 

Besides  the  branches  furnished  to  the  muscles  which  cover  it,  and  to  the  thyroid 
body,  together  with  some  to  the  lowest  constrictor  of  the  pharynx,  the  superior 
thyroid  furnishes  the  following  offsets,  which  have  received  distinctive  names  :— 

(a)  The  hjoid,  a  small  branch,  running  transversely  inwards  immediately  below 
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Fig.  256. 


Fig.   256.  —  Stjpekficial  view  op  the  Arteeies  of  the  Head  and  Neck  (from 

Tiedemann).  5 

a,  placed  upon  the  orLiculai-is  oris  near  the  place  where  it  is  joined  ty  the  levator  labii 
snperioris,  the  zygomaticus  minor  and  major  and  triangularis  oris ;  6,  upper  part  of  the 
sterno-mastoid  muscle  ;  c,  parotid  gland  near  its  duct ;  d,  body  of  the  hyoid  bone  near 
the  place  of  meeting  of  the  digastric,  stylo-hyoid,  sterno-hyoid  and  omo-hyoid  muscles ;  e, 
is  placed  on  the  clavicle  at  the  place  where,  superiorly,  the  omo-hyoid  dips  behind  it  and 
the  trapezius  muscle,  and  inferiorly  the  interval  exists  between  the  pectoral  and  deltoid 
muscles  ;  1,  trunk  of  the  common  carotid  artery  near  its  division  into  the  external  and 
internal  carotid  arteries  ;  1',  the  internal  carotid  ;  2,  placed  on  the  upper  belly  of  the 
omo-hyoid  muscle,  points  to  the  superior  thyroid  artery  ;  3,  lingual  artery  and  its  hyoid 
branch ;  4,  placed  on  the  submaxillary  gland  at  the  place  where  the  facial  artery  is 
sunk  in  the  gland,  and  again  where  the  artery  turns  over  the  lower  jaw  ;  4',  termination 
of  the  facial  artery  by  division  into  the  angular  and  lateral  nasal  branches  ;  5,  sub- 
mental branch  ;  6,  inferior  labial  branches  ;  7,  transverse  facial  branch  of  the  superficial 
temporal ;  8,  superficial  temporal,  passing  over  the  zygoma  and  distributed  by  8'  8',  its 
anterior  and  posterior  divisions  on  the  surface  of  the  cranium  ;  9,  occipital  artery  rising 
upon  the  cranium  ;  9',  its  distribution  and  anastomosis  with  the  temporal  and  posterior 
auricular  arteries  ;  10,  outer  part  of  the  subclavian  artery;  11,  superficial  cervical,  and 
12,  posterior  scapular  arteries  ;  13,  supra-scapular  artery  ;  14,  acromio-thoracic  branches, 
of  the  axillary  artery. 
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the  OS  hyoides,  and  assisting  to  supply  the  soft  parts  connected  with  that  bone. 
Tins  httlc  artery  sometimes  unites,  across  the  middle  line,  with  its  fellow  from  the 
opposite  side. 

(b)  A  superficial  descending  branch,  which  passes  downwards  a  short  distance  over 
the  sheath  of  the  large  cervical  vessels,  and  ramifies  in  the  storno-mastoid  and  the 
muscles  attached  to  the  thyroid  cartilage,  as  well  as  in  the  platysma  and  neighbour- 
ing integuments.  The  position  of  this  branch  with  respect  to  the  sheath  of  the 
carotid  artery  is  the  only  circumstance  which  gives  it  interest. 

(c)  The  laryngeal  branch,  or  superior  laryngeal  artery,  proceeding  inwards  in 
company  with  the  superior  laryngeal  nerve,  and  piercing  the  thyro-hyoid  membrane. 
Before  entering  the  larynx  this  branch  is  covered  by  the  thyro-hyoid  muscle.  On 
reaching  the  interior  of  the  larynx,  it  ramifies  in  the  small  muscles,  the  glands,  and 
the  mucous  membrane  of  that  organ. 

(rf)  The  crico-thyroid,  a  small  branch,  to  be  noticed  on  account  of  its  position 
rather  than  its  size.  It  crosses  the  membrane  connecting  the  thyroid  and  cricoid 
cartilages,  and  communicates  with  a  similar  branch  from  the  other  side :  hence  it 
may  be  a  source  of  haamorrhage  in  the  operation  of  laryngotomy. 

Peculiakities. — Size. — The  superior  thyroid  artery  is  frequently  much  larger,  and, 
on  the  other  hand,  it  may  be  smaller  than  usual.  In  either  case  the  deviation  from 
the  accustomed  size  is  accompanied  by  an  opposite  alteration  in  other  thyroid  arte- 
ries. It  has  been  seen  extremely  small,  ending  in  branches  to  the  sterno-mastoid 
muscle  and  the  larynx.    (See  the  observations  on  the  infeiior  thyroid  artery.) 

Origin. — The  superior  thyroid  is  often  transferred  to  the  upper  part  of  the  common 
carotid  artery  ;  and  it  has  been  seen  conjoined  with  the  lingual  branch,  or  with  that 
and  the  facial  branch  of  the  external  carotid. 

There  are  sometimes  two  superior  thyroid  arteries. 

Branches. — The  hyoid  branch  is  frequently  very  small,  or  absent.  The  laryngeal 
branch  arises  not  unfrequently  from  the  external  carotid  artery,  and  likewise,  but  rarely, 
from  the  common  carotid.  Examples  have  occurred  of  this  branch  being  of  very 
large  size,  and  terminating  in  the  thyroid  body.  The  laryngeal  artery  occasionally 
enters  the  larynx  through  a  foramen  in  the  thyroid  cartilage ;  and  it  has  likewise 
been  observed  to  pass  inwards  below  the  cartilage. 

II.   LINGUAL  ARTEUY. 

Tlie  lingual  artery  arises  from  the  inner  side  of  the  external  carotid, 
between  the  origins  of  the  superior  thyroid  and  facial  arteries.  Curving 
upwards  and  inwards,  it  reaches  the  upper  margin  of  the  hyoid  bone, 
behind  the  tip  of  its  great  comu ;  it  then  passes  forwards  under  cover 
of  the  hyo-glossus  muscle,  resting  at  first  on  the  middle  constrictor  of 
the  ijharynx,  and  afterwards  on  the  genio-hyo-glossus  muscle,  in  contact 
with  which  it  ascends  almost  perpendicularly  to  reach  the  under  surface 
of  the  tongue,  and  there  makes  its  final  turn  forwards  to  the  tip  of  that 
organ,  receiving  the  name  of  ranine  artery. 

At  the  posterior  border  of  the  hyo-glossus  muscle,  the  hypofjlossal  nerve 
crosses  the  artery,  and  passes  forwards  on  a  lower  level,  superficial  to  the 
muscle. 

Branches. — The  branches  of  the  lingual  artery  are  as  follows  : — 

(a)  The  hyoid  branch,  running  along  the  upper  border  of  the  hyoid  bone,  and 
supplying  the  contiguous  muscles  and  skin. 

{b)  The  dorsal  artery  of  the  tongue,  which  is  often  replaced  by  several  smaller 
branches.  It  arises  from  the  deep  portion  of  the  lingual  artery,  beneath  the  hyo- 
glossus  muscle,  and  ascends  to  supply  the  upper  part,  or  dorsum,  and  the  substance 
of  the  tongue,  ramifying  as  far  back  as  the  epiglottis. 

(c)  The  sublingual  branch.  Taking  origin  at  the  anterior  margin  of  the  hyo- 
glossus  this  branch  turns  slightly  outwards,  under  cover  of  the  mylo-hyoid  muscle, 
and  between  this  and  the  sublingual  gland.  It  supplies  the  substance  of  the  gland, 
and  gives  branches  to  the  mylo-hyoid  and  other  muscles  connected  with  the  maxillary 
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bone.  Small  branches  arc  also  distributed  to  tho  mucous  membrane  of  the  mouth, 
and  the  inside  of  the  gums. 

(d)  The  ranine  artery,  which  may  be  considered  from  its  size  and  direction  tho 
continuation  of  the  lingual  artery.  It  runs  forwards  beneath  the  tongue,  giving 
numerous  branches  as  it  proceeds,  covered  by  the  mucous  membrane,  and  resting  on 
the  genio-hyo-glossus  muscle.  Having  reached  the  tip  of  the  tongue,  it  has  been 
said  to  anastomose  with  the  corresponding  artery  of  the  other  side  ;  but  this  is  denied 
by  Ilyrtl.  In  the  last  part  of  its  course  it  lies  quite  superlicially  at  the  side  of  tho 
froinum. 

Peculiarities. — The  origin  of  the  lingual  artery  sometimes  takes  place  from  a 
trunk  common  to  it  and  the  facial  artery.  It  is  occasionally  joined  with  the  superior 
thyroid. 

Branches.— hyoid  branch  is  often  deficient ;  and  it  appears  that  this  branch 
varies  in  size  inversely  with  the  hyoid  branch  of  the  superior  thyroid. 

The  suUingual  branch  varies  in  size.  It  is  sometimes  derived  from  the  facial 
artery,  and  then  perforates  the  mylo-hyoid  muscle. 

The  lingual  artery  has  been  seen  to  give  oflf  as  unusual  branches,  the  submental 
and  ascending  palatine. 

"nr.   FACIAL  ARTERY. 

The  facial  artery  (art.  maxillaris  externa),  taking  origin  a  little  above 
the  lingual  artery,  is  first  directed  obliquely  forwards  and  upwards  beneath 
the  base  of  the  maxillary  bone ;  then  changing  its  direction,  it  passes 
upwards  over  the  base  of  the  lower  maxilla,  in  front  of  the  masseter  muscle. 
Commencing  here  its  course  upon  the  face,  it  is  directed  forwards  near  to 
the  angle  of  the  mouth,  and  ascends  to  the  inner  canthus  of  the  eye, 
where  it  ends  by  anastomosing  with  the  ophthalmic  artery.  In  its  whole 
course  the  artery  is  tortuous,  a  circumstance  connected  with  the  great  mo- 
bUity  of  the  parts  on  wliich  it  rests. 

In  the  neck,  the  facial  artery,  immediately  after  its  origin,  wliicli  is  com- 
paratively superficial,  being  covered  only  by  the  platysma  and  fascia,  is 
crossed  by  the  digastric  and  stylo-hyoid  muscles,  and  is  then  concealed 
in  the  substance  of  the  submaxillary  gland.  Emerging  from  the  gland,  it 
turns  over  the  border  of  the  jaw,  covered  by  the  platysma  :  here  the  pulsation 
of  the  artery  is  easUy  felt,  and  the  circulation  tlirough  it  may  be  readily  con- 
trolled by  pressure  against  the  bone.  In  its  progress  over  the  face,  it  is 
covered  successively  by  the  platysma  and  the  zygomatic  muscles,  and 
rests  upon  the  buccinator,  the  levator  anguli  oris,  and  the  levator  labii 
superioris. 

The  facial  win  is  separated  by  a  considerable  interval  from  the  artery 
on  the  face.  It  takes  nearly  a  straight  course  upwards,  instead  of  in- 
cHning  forwards  near  the  angle  of  tho  mouth,  and  it  is  not  so  tortuous  as  the 
artery. 

Branches  of  the  portio  dura  nerve  cross  the  vessel ;  and  the  infra-orhiial 
nerve  is  beneath  it,  separated  by  the  fibres  of  the  elevator  of  the  upper  lip. 

Branches.— A.  Cervical  Iranches.—The  foUowing  branches  are  derived 
from  the  facial  artery  below  the  lower  jaw  :  

(«)  The  i7ifer{or  or  ascending  ixdafme  artery,  a  branch  which  ascends  between  the 
Btylo-glossus  and  stylo-pharyngeus  muscles,  and  reaches  the  pharvnx  close  to  the 
tonS'  tl  Z  TT"-^  pterygoid  muscle.  After  having  given  small  branches  to  the 
eva  oV  iktV  "  ^''t  Eustachian  tube,  this  artery  divides  near  the 

a,mflex^f;  n.T '/^    *r  ^v""''^^'-'''        °f  ^^^'^^  the  course  of  the  cir- 

-oTer  p  L^rlt  '  T'  1°'  ^^'^'^^"^t"^  t°  ^'^^  «oft  Pahite  and  its  glands,  while  the 
de'cribS     S  "'^^l  "Pon  it  with  the  branch  to  be  next 

phlryngca?  ''^"^  ^''^'^''^     "f^^^^  ^^^'^^^     the  ascending 
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(b)  The  tonsillar  branch,  which  ascends  along  the  side  of  the  pharynx,  and  pene- 
trating the  superior  constrictor  of  the  pharynx,  terminates  in  small  vessels  upon  the 
tonsil  and  the  side  of  the  tongue  near  its  root. 

(c)  The  (/landular  branches,  a  numerous  series  which  enter  the  substance  of  the 
submaxillary  gland,  whilst  the  facial  artery  is  in  contact  with  it;  and  some  of  which 
are  prolonged  upon  the  side  of  the  tongue. 

(d)  The  suhnental  branch,  the  largest  arising  from  the  facial  in  the  neck.  Leaving 
the  artery  near  the  point  at  which  it  turns  upwards  to  the  face,  it  runs  forwards 
below  the  base  of  the  maxillary  bone  on  the  surface  of  the  mylo-hyoid  muscle  and 
subjacent  to  the  digastric.  Giving  branches  in  its  course  to  the  submaxillary  gland 
and  the  muscles  attached  to  the  jaw,  it  approaches  the  symphysis  of  the  chin  and 
divides  into  two  branches ;  one  of  these,  running  more  superficially  than  the  other, 
passes  between  the  depressor  muscle  of  the  lower  lip  and  the  skin,  supplying  both  ; 
while  the  other  dips  between  that  muscle  and  the  bone,  and  ramifies  in  the  substance 
of  the  lip,  communicating  with  the  inferior  labial  branch. 

B.  Facial  hranches. — Of  the  branches  derived  from  the  facial  artery  upon 
the  side  of  the  face,  some  are  directed  outwards  to  the  muscles,  as  to  the 
masseter  and  buccinator,  and  require  only  to  be  indicated.  Larger  branches 
described  with  some  detail  are  directed  inwards,  and  are  as  follows  :— 

(a)  The  inferior  labial  branch.  This  arises  soon  after  the  facial  artery  has  turned 
over  the  lower  border  of  the  maxilla,  and  running  forwards  beneath  the  depressor 
anguli  oris,  distributes  branches  to  the  skin  and  the  muscles  of  the  lower  lip,  anasto- 
mosing with  the  inferior  coronary  and  submental  branches,  and  with  the  inferior 
dental  branch  of  the  internal  maxillary  artery. 

(&)  The  coronary  artery  of  the  lower  lip.  Arising  near  the  angle  of  the  mouth, 
as  often  in  conjunction  with  the  superior  coronary  as  from  the  facial  separately,  this 
branch  penetrates  the  muscular  fibres  surrounding  the  orifice  of  the  mouth,  takes  a 
transverse  and  tortuous  course  between  those  fibres  and  the  mucous  membrane  of  the 
lip,  and  inosculates  with  the  corresponding  artery  of  the  opposite  side.  Small  twigs 
from  it  ascend  to  supply  the  orbicular  and  depressor  muscles,  the  glands,  and  other 
structures  of  the  lower  lip  ;  whilst  others  descend  towards  the  chin,  and  communicate 
there  with  other  branches. 

(c)  The  coronary  artery  of  the  upper  lip.  Larger  and  more  tortuous  than  the 
preceding  branch,  with  which  it  often  arises,  this  vessel  runs  across  between  the 
muscles  and  mucous  membrane  of  the  upper  lip,  and  inosculates  with  its  fellow  of 
the  opposite  side.  In  addition  to  supplying  the  whole  thickness  of  the  upper  lip,  it 
gives  two  or  three  small  branches  to  the  nose.  One  of  these,  named  the  artery  of  the 
se2Jtum,  runs  along  the  lower  border  of  the  septum  nasi,  on  which  it  ramifies  as  far 
as  the  point  of  the  nose  ;  another  reaches  the  ala  of  the  nose. 

{d)  The  lateral  nasal  artery.  This  branch  turns  inwards  to  the  side  of  the  nose 
beneath  the  common  elevator  of  the  nose  and  lip,  and  sends  branches  to  the  ala  and 
the  dorsum  of  the  nose.  It  anastomoses  with  the  nasal  branch  of  the  ophthalmic,  with 
the  artery  of  the  septum  nasi,  and  with  the  infra-orbital  artery. 

(e)  Angular  artery.  Under  this  name  is  recognised  the  terminal  part  of  the 
facial  artery,  which  inosculates  at  the  inner  side  of  the  orbit  with  a  terminal  branch 
of  the  ophthalmic  artery. 

Communication  between  the  superficial  and  deep  branches  of  the  external  carotid 
is  established  by  the  anastomoses  of  the  facial  artery  with  the  infra-orbital,  buccal, 
inferior  dental,  and  nasal  branches  of  the  internal  maxillary;  and  between  the  exter- 
nal and  the  internal  carotids  by  the  anastomosis  of  the  facial  with  the  ophthalmic 

PECULiARTTiES.-0i-jV/2«.— The  facial  artery  not  unfrcquently  arises  by  a  common 
trunk  with  the  lingual.  Occasionally  it  arises  above  its  usual  position,  and  then 
descends  beneath  the  angle  of  the  jaw  to  assume  its  ordinary  course. 

<iize.  —This  artery  varies  much  in  size,  and  in  the  extent  to  which  it  is  distributed. 
It  has 'been  observed,  very  rarely  however,  to  end  as  the  submental,  not  reaching  the 
side  of  the  face ;  in  some  cases  it  supplies  the  face  only  as  high  as  the  lower  Up. 
The  deficiency  of  the  facial  artery  is  most  frequently  compensated  for  by  an  enlarge- 
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ment  of  the  nasal  branches  of  the  ophthalmic  at  the  inner  side  of  the  orbit ;  occa- 
sionally by  branches  from  the  transverse  facial  or  internal  maxillary  arteries. 

Branches. — The  ascending  palatine  artery  is  in  some  instances  transfeiTcJ  to  the 
external  carotid.  This  branch  varies  in  size  and  the  extent  to  which  it  reaches.  Not 
unfrequently  it  is  expended  without  furnishing  any  branch  to  the  soft  palate.  AYhen 
it  is  thus  reduced  in  size,  the  pharyngeal  artery  takes  its  place  on  the  soft  palate. 

The  tonsillar  branch  is  not  unfrequently  altogether  wanting. 

The  submental  branch  has  been  observed  to  take  its  rise  from  the  lingual  artery. 
On  the  other  hand,  the  facial  artery,  instead  of  the  lingual,  haa  been  found  to  furnish 
the  branch  which  supplies  the  sublingual  gland. 


IV.   OCCIPITAL  ARTERY, 

The  occipital  arteiy,  arising  from  the  posterior  part  of  the  external  carotid, 
usually  opposite  the  fiicial  or  a  little  higher  up,  is  directed  upwards  and 
backwards,  beueatli  tlie  posterior  belly  of  the  digastric  muscle,  to  the 
interval  between  the  transverse  process  of  the  atlas  and  the  mastoid  process 
of  the  temporal  bono.  From  that  point  it  turns  horizontally  backwards 
along  tlie  skull  in  the  occipital  groove  of  the  temporal  bone,  internal  to  the 
mastoid  process  and  the  sterno-mastoid,  splenius,  digastric  and  trachelo- 
mastoid  muscles,  and  resting  on  the  superior  oblique  and  complexus  muscles. 
Lastly,  clianging  its  direction  a  second  time,  and  piercing  the  cranial  attach- 
ment of  the  trapezius,  it  ascends  beneath  the  integument  on  the  back  of  the 
head  accompanied  by  the  great  occipital  nerve,  and  divides  into  numerous 
branches  upon  the  upper  and  back  part  of  the  cranium.  While  in  the  neck, 
the  occipital  artery  crosses  over  the  internal  carotid  artery,  the  vagus  and 
spinal  accessory  nerves,  and  the  internal  jugular  vein  ;  and  the  hypoglossal 
nerve  turns  from  behind  over  it  at  its  origin. 

Branches. — The  following  branches  are  given  from  the  occipital  artery : — 

(a)  Small  muscular  oflfsets  to  the  digastric  and  stylo-hyoid  muscles,  and  one  of 
larger  size  to  the  sterno-mastoid.  This  last  is  so  regular  a  branch  that  it  is  known  as 
the  slerno-mustoicl  branch. 

(6)  An  auricular  branch  to  the  back  part  of  the  concha  of  the  ear,  and  two  or  three 
other  muscular  branches  to  the  splenius  and  trachelo-mastoid. 

(c)  The  meningeal  branch.  This  runs  up  with  the  internal  jugular  vein,  enters 
the  skull  through  the  foramen  jugulare,  and  ramifies  in  the  dura  mater  of  the  poste- 
rior fossa  of  the  base  of  the  skull. 

(rf)  The  cervical  branch,  ramiis  cervicalis  princeps.  To  the  upper  and  back  part 
of  the  neck  the  occipital  artery  furnishes  a  branch  thus  designated.  Descending  a 
short  way,  this  vessel  divides  into  a  superficial  and  a  deep  branch.  The  former  rami- 
fies beneath  the  splenius,  sending  offsets  through  that  muscle  to  the  trapezius ;  while 
the  deep  branch  passes  beneath  the  complexus,  and  anastomoses  with  branches  of  the 
vertebral  artery,  and  with  the  deep  cervical  artery.  The  size  of  this  branch  varies 
very  much. 

(e)  The  superficial  or  cranial  branches.  These  pursue  a  tortuous  course  between 
the  integument  and  the  occipito-frontalis  muscle ;  and  in  proceeding  upwards  on  the 
skull  they  separate  into  diverging  branches,  which  communicate  with  the  branches 
of  the  opposite  artery,  as  well  as  with  those  of  the  posterior  auricular  artery,  and  of 
tne  temporal  artery  at  the  vertex  and  side  of  the  skull. 

.nh'"^i^         ^''f  ^^^11  ihxough  the  mastoid  foramen, 

ana  ramifies  in  the  dura  mater.  ' 

intemrja^SIir'nTfr'^'"-;;'^''''  '^^'^'^      °««^^^io"^"y  derived  from  the 

;tt"ftsrslLvtaJr^ 

insS'of  hi^!lrnnTt'^-l^^  nn^"'{  ^^^^^^s  passcs  outsidc  the  trachelo-mastoid  muscle, 
pass  rir  thfrl.  •  ?^-^  '^''"^  portion  of  the  vessel  was  found,  in  one  instance,  to 
pass  over  the  stemo-mastoid  muscle,  only  a  small  artery  being  placed  in  the  usual 


Fig.  257.— Deep  View  of  the  Carotid,  Subclavian,  and  Axillaky  Arteries  (from 

Tiedcmaun).  ^ 

The  great  pectoral,  the  sterno -mastoid,  and  the  sterno-hyoid  and  steruo-thyroid  muscles 
have  been  removed  ;  the  front  part  of  the  deltoid  has  been  divided  near  the  clavicle  ;  the 
greater  part  of  the  digastric  muscle  has  been  removed,  and  the  upper  part  of  the  splenius 
capitis  and  trachelo-mastoid  divided  near  the  mastoid  process.  Subclavian  Artery  and 
its  Branches. — 1,  first  or  inner  part  of  the  subclavian  artery,  giving  rise  to  the  thyroid 
axis  and  internal  mammary,  and  also  to  +,  the  vertebral  artery  ;  2,  third  part  of  the 
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subclavian  artery  outside  tbe  scalenus  anticus  muscle  ;  3,  first  part  of  the  axillary  artery 
giving  rise  to  the  acroinio-tlioraclc,  short  thoracic,  &c. ;  4,  third  part  of  the  axillary  artery, 
giving  rise  to  the  subscapular,  circumflex,  &.c. ;  5,  commencement  of  the  brachial  artery  ; 
6  superficial  tvansvei-se  cervical  artery  ;  C,  placed  on  the  scalenus  anticus  muscle  marks 
the  superficial  ascending  cervical  branch  ;  7,  posterior  scapular  artery,  arising  from  the 
subclavian  artery  behind  the  scalenus  anticus  muscle,  and  separate  from  the  thyroid  axis  ; 
8  acromial  branches  of  the  acromio-thoracic ;  9,  pectoral  branches  of  the  same  ;  10,  long 
thoracic  artery  outside  the  pectoralis  minor  muscle;    +,  posterior  circumflex  branch 
of  the  axillary  artery,  the  anterior  circumflex  is  seen  rising  from  the  opposite  side  of  the 
same  part  of  the  axillary  trunk ;  11,  subscapular  artery,  passing  between  the  subscapularis 
and  teres  minor  muscles  to  proceed  to  the  lower  angle  and  dorsum  of  the  scapula  ;  12, 
thoracic  descending  branch  of  the  subscapular  artery.   Cavolid  Arlery  and  its  Branches. — 
13,  lower  part,  and  14,  upper  part  of  the  right  common  carotid  artery  ;  15,  trunk  of  the 
external  carotid  artery,  brought  fully  into  view  by  the  removal  of  the  digastric  muscle  ; 
16,  trunk  of  the  internal  carotid  artery;  17,  17,  inside  tlie  thyroid  axis  of  the  subclavian 
artery,  and  on  the  inferior  thyroid  artery  where  it  is  distributed  in  the  gland  ;  18,  superior 
thyroid  artery,  anastomosing  in  the  gland  with  the   inferior  thyroid  ;   19,  lingual 
artery,  brought  into  view  by  the  removal  of  the  lower  part  of  the  hyo-glossus  muscle  ;  20, 
facial  artery,  giving  off  the  palatine,  tonsillitic  and  submental ;  21,  inferior  labial ;  22, 
coronary  artery;  23,  occipital  artery;  24,  posterior  auricular  artery;  25,  superficial 
temporal  artery ;  26,  internal  maxillary  artery ;  27;  transverse  facial,  given  off  in  this 
instance  directly  by  the  external  carotid  artery. 

position.  The  artery  has,  in  a  few  instances,  been  seen  to  turn  backwards  beloiv  the 
transverse  process  of  the  atlas. 

Branches.— 1)xQ  posterior  auricular  and  tbe  pharyngeal  arteries  sometimes  take 
origin  from  the  occipital. 

V.   POSTERIOR  AITRICULAR  ARTERY. 

The  posterior  auricular  artery,  a  small  vessel,  arises  from  the  external 
carotid  a  little  higher  up  than  the  occipital.  It  ascends,  under  cover  of 
the  parotid  gland,  and  resting  on  the  styloid  process  of  the  temporal  bone, 
reaches  the  angle  formed  by  the  cartilage  of  the  ear  with  the  mastoid  pro- 
cess. It  is  crossed  by  the  portio  dura  of  the  seventh  nerve.  Somewhat 
above  the  mastoid  portion  of  the  temporal  bone  it  divides  into  two  sets  of 
branches,  of  which  one  set  inclines  forwards  to  anastomose  with  the  posterior 
branch  of  the  temporal  artery,  and  the  other  backwards  towards  the  occiput, 
on  which  it  communicates  with  the  occipital  artery. 

Brakches. — The  following  are  the  branches  given  off  by  the  posteiio:- 
auricular  artery : — 

(«)  Small  branches  to  the  parotid  gland  and  the  digastric  muscle. 

{b)  The  stylo-masloid  branch.  This  twig  enters  the  foramen  of  the  same  name  in 
the  temporal  bone ;  on  reaching  the  tympanum,  it  divides  into  delicate  vessels 
which  pass,  some  to  the  mastoid  cells,  others  to  the  labyrinth.  One  branch  is  con- 
stantly found  in  young  bodies  to  form,  with  the  tympanic  branch  of  the  internal 
maxillary  artery  which  enters  the  fissure  of  Glasser,  a  vascular  circle  around  the 
auditory  meatus,  from  which  delicate  offsets  ramify  upon  the  membrana  tympani. 
This  small  tympanic  branch  sometimes  arises  from  the  occipital  artcrj'. 

_  (c)  Auricular  branches.— As.  it  passes  the  back  of  the  ear,  the  auricular  artery 
gives  one  or  two  branches  which  supply  the  posterior  surface  of  the  concha,  and  turn 
over  the  margin,  or  perforate  the  substance  of  the  auricle  to  gain  the  anterior 
surface. 

rECULiARiTiES.— The  posterior  auricular  artery  is  frequently  vciy  small  and  has 
been  seen  to  end  in  the  stylo-mastoid  branch.   It  is  often  a  branch  of  the  occipital. 

VI.   TEMPORAL  ARTERY. 

The  temporal  artery,  one  of  the  two  branches  into  which  the  external 
carotid  artery  finally  divides  a  little  below  the  condyle  of  the  lower  jaw, 
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continues  upwards  m  tlie  direction  of  the  parent  vessel,  whilst  tlie  other 
branch  (the  internal  maxillary)  curves  forwards  under  cover  of  the  iaw 
iho  temporal  artery  is  at  first  imbedded  in  the  substance  of  the  paitid 
gland,  in  the  interval  between  the  meatus  of  the  car  and  the  condyle  of  the 
lower  jaw.  Thence  it  ascends  over  the  root  of  the  zygoma,  against  which  it 
may  readdy  be  compressed.  From  this  point  onwards,  it  lies  close  beneath 
the  skm,  supported  by  the  temporal  muscle  and  fascia  ;  and,  about  two 
inches  above  the  zygoma,  divides  into  two  branches,  which  again  sub- 
divide and  ramify  beneath  the  integument  on  the  side  and  upper  part  of 
the  head.- 

Branches. — Besides  several  small  ofisets  to  the  parotid  gland,  some 
branches  to  the  articulation  of  the  lower  jaw,  and  one  or  two  to  the  massctcr 
muscle,  the  temporal  artery  gives  off  the  following  branches  : 

(«)  The  transverse  artery  of  the  face.  This  branch  arises  whilst  the  temporal 
artery  is  deeply  seated  in  the  parotid  gland,  through  the  substance  of  which  it 
runs  nearly  horizontally  forwards ;  getting  between  the  parotid  duct  and  the  zygoma, 
it  rests  on  the  masseter  muscle,  and  is  accompanied  by  one  or  two  transverse 
branches  of  the  facial  nerve.  It  gives  small  vessels  to  the  parotid  gland,  the  masseter 
muscle,  and  the  neighbouring  integument ;  and  divides  into  three  or  four  branches, 
which  are  distributed  to  the  side  of  the  face,  anastomosing  Avith  the  infra-orbital  and 
facial  arteries. 

{b)  The  middle  temporal  branch.  "  This  arises  close  above  the  zj'goma,  and  imme- 
diately perforating  the  temporal  fascia,  sends  branches  to  the  temporal  muscle, 
which  communicate  with  the  deep  temporal  branches  of  the  internal  maxillaiy 
artery.  An  otFset  from  this  artery  runs  to  the  outer  angle  of  the  orbit,  where  it 
gives  branches  to  the  orbicularis  palpebrarum  muscle. 

(c)  The  anterior  auricular  branches,  two  or  more  in  number,  superior  and  infe- 
rior. These  branches  arise  above  the  middle  temporal.  They  are  distributed  to  the 
fore-part  of  the  pinna,  the  lobe  of  the  ear,  and  a  part  of  the  external  meatus,  anasto- 
mosing with  the  ramifications  of  the  posterior  auricular  artery. 

(d)  The  anterior  temporal  branch,  one  of  the  two  terminal  branches  of  the 
temporal  artery.  This  vessel  inclines  forwards  as  it  ascends  over  the  temporal  fascia, 
and  ramifies  extensively  upon  the  forehead,  supplying  the  orbicular  and  occipito- 
frontal muscles,  the  pericranium,  and  the  skin,  and  communicating  with  the  supra- 
orbital and  frontal  branches  of  the  ophthalmic  artery.  On  the  upper  part  of  the 
cranium  the  branches  of  this  artery  are  directed  from  before  backwards.  When  it  is 
desired  to  take  blood  from  the  temporal  arteiy,  the  anterior  temporal  branch  is 
selected  for  the  operation. 

(e)  The  posterior  temporal  hranch.  This  is  usually  larger  than  the  anterior, 
passes  back  on  the  side  of  the  head,  above  the  ear,  and  over  the  temporal  fascia ; 
its  branches  ramify  freely  in  the  coverings  of  the  cranium,  both  upwards  to  the 
vertex,  where  they  communicate  with  the  corresponding  vessel  of  the  opposite  side, 
and  backwards  to  join  with  the  occipital  and  posterior  auricular  arteries. 

Peculiakities. — The  temporal  artery  is  frequently  tortuous,  especially  in  aged 
persons.  Occasionally  a  large  unusual  branch  runs  forward  above  the  zygoma  to 
the  upper  part  of  the  orbit.  The  temporal  artery  sometimes  joins  with  the  ophthal- 
mic and  furnishes  large  frontal  arteries. 

The  anterior  temporal  branch  is  sometimes  larger  than  the  posterior,  and  passing 
backwards  over  the  vertex  of  the  head,  communicates  with  the  occipital. 

The  transverse  artery  of  the  face  varies  in  size ;  occasionally  it  is  much  larger  than 
usual,  and  takes  the  place  of  a  defective  facial  artery.  In  some  instances  the  trans- 
verse artery  arises  directly  from  the  external  carotid. 

VII,   INTERNAL  MAXILLARY  ARTERY. 

The  internal  maxillary  or  deep  facial  artery,  the  larger  of  the  two 
terminal  branches  of  the  external  carotid,  is  concealed  by  the  parotid  gland 
at  its  origin  below  tho  condyle  of  the  jaw ;  it  curves  horizontally  forwai-ds 
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botweon  tho  jaw  and  tho  internal  lateral  ligament  of  the  temporo-maxillary 
joint,  then  passes  obliquely  forwards  and  upwards  on  the  outer  surface  ot 
iho  external  pterygoid  muscle  (not  unfrequoutly  beneath  and  within  it), 
and  opposite  the  interval  between  the  two  heads  of  that  muscle,  bends 
inwards  to  tho  spheno-maxdlary  fossa,  where  it  ends  by  division  into  a 
number  of  branches. 

To  facilitate  tho  arrangement  of  its  numerous  branches,  this  artery  may 
be  considered  in  three  parts,  viz.  :  1,  the  part  between  the  jaw  and  internal 
lateral  ligament  ;  2,  the  part  in  contact  with  tho  external  pterygoid  muscle  ; 
and,  3,  the  part  in  the  spheno-maxillary  fossa. 

Fig.  258. 


Fig. 


258. — Deep  Dissection  op  the  Head  and  Face,  to  show  the  Internal 
Maxillary  Artert  and  its  Branches  (from  Tiedemann).  ^ 


The  right  half  of  the  calvarium,  the  zygomatic  arch,  and  the  upper  part  of  the  lower 
jaw  liave  been  removed ;  the  external  pterygoid  muscle  and  some  of  the  superficial  muscles 
of  the  face  have  been  divided,  and  the  internal  pterygoid  and  buccinator  muscles  are 
exposed  :  1,  facial  artery,  rising  over  the  edge  of  the  lower  jaw  ;  2,  inferior  labial 
branches  ;  2',  deep  mental  branch  of  the  inferior  maxillary  artery  ;  3,  facial  artery  con- 
tinued ;  4,  superior  coronary  of  the  facial ;  5,  lateral  nasal  branch  ;  6,  frontal  branch  of 
the  ophthalmic  artery,  giving  descending  twigs  to  communicate  with  the  angular  branch 
of  the  facial  and  with  the  dorsal  nasal ;  7,  internal  carotid  artery ;  8,  external  carotid 
artery  at  the  place  where  it  passes  through- the  parotid  gland,  which  has  been  removed ;  9, 
division  of  the  external  carotid  artery  into  superficial,  temporal,  and  internal  maxillary 
arteries;  10,  superficial  temporal ;  11,  masseteric  branch  of  the  external  carotid  artery  ; 
12,  superiorly  the  trunk  of  the  internal  maxillary  or  deep  facial  artery,  and  inferiorly 
its  inferior  maxillary  branch  ;  13,  placed  on  the  zygoma,  points  to  the  middle  meningeal 
branch,  and  above  on  the  dura  mater  to  its  distribution  ;  14,  placed  on  tho  lower  part  of 
the  temporal  muscle  separated  from  the  corouoid  process  of  the  jaw,  indicates  tho 
deep  temporal  branches  of  the  artery ;  15,  pterygoid  branches  ;  16,  buccal  artery  ;  17, 
posterior  superior  dental,  and  deepest  part  of  the  internal  maxillary  artery  where  it  enters 
the  spheno-maxillary  fossa  ;  18,  branches  of  the  infra-orbital  artery  issuing  upon  the  face. 
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Bbanches.— A.  JSranches  of  the  first  pari,— The  branclios  of  tlio  first 
part  of  the  artery  all  pass  through  osseous  foramina. 

(a)  The  iymjmnic  branch,  of  small  size  and  variable  in  origin,  passes  deeply  behind 
the  articulation  of  the  lower  jaw,  and  enters  the  fissure  of  Glasser,  supplying  the 
laxator  tympaui  muscle,  and  the  tympanic  cavity,  where  it  ramifies  upon  the 
membrana  tympani.  It  anastomoses  in  the  tympanum  with  the  stylo-mastoid  and 
Vidian  arteries. 

(h)  The  middle  or  great  meningeal  artery,  by  far  the  largest  of  the  arteries 
which  supply  the  dura  mater,  passes  directly  upwards  under  cover  of  the  external 
pterygoid  muscle,  and  enters  the  skull  by  the  spinous  foramen  of  the  sphenoid  bone. 
Within  the  cranium,  it  ascends  to  the  anterior  inferior  angle  of  the  parietal  bone,  and 
divides  into  numerous  branches,  which  ramify  in  deep  arborescent  grooves  on  the 
inner  surface  of  the  bones,  some  passing  upwards  over  the  parietal  bone  as  high  as  the 
vertex,  and  others  backwards  even  to  the  occipital  bone. 

Immediately  on  entering  the  cranium  the  meningeal  artery  gives  minute  branches 
to  the  ganglion  of  the  fifth  nerve  and  to  the  dura  mater  near  the  sella  turcica,  and  a 
small  twig  which  enters  the  hiatus  Fallopii,  and  anastomoses  with  the  stylo-mastoid 
branch  of  the  posterior  auricular  artery.  It  also  inosculates  with  branches  of  the 
ophthalmic  artery. 

The  middle  meningeal  artery  is  accompanied  by  two  veins, 

(c)  The  small  meningeal  artery,  usually  arising  from  the  preceding  branch, 
enters  the  skull  through  the  foramen  ovale,  to  supply  the  dura  mater  in  the  middle 
fossa. 

{d)  The  iv/erior  dental  artery,  passing  downwards,  enters  the  dental  canal  along 
with  the  inferior  dental  nerve,  and  subsequently  escapes  on  the  face  by  the  mental 
foramen.  As  it  enters  the  canal,  it  gives  oflF  the  mylo-hyoid  branch,  which,  with  the 
nerve  bearing  the  same  name,  runs  in  a  groove  on  the  inner  surface  of  the  jaw, 
below  the  dental  foramen,  and  ramifies  on  the  under  surface  of  the  mylo  hyoid 
muscle.  In  its  course  through  the  bone,  the  inferior  dental  artery  gives  off  small 
offsets,  which  ascend  to  enter  the  minute  apertures  in  the  extremities  of  the  fangs  of 
the  teeth,  and  supply  the  pulp  of  each ;  and  before  emerging  at  the  mental  foramen, 
it  sends  forwards  a  branch  which  suppUes  the  incisor  teeth  and  inosculates  with  its 
fellow  of  the  opposite  side.  The  terminal  or  facial  branches  anastomose  Avitli  the 
inferior  coronary  and  submental  arteries. 

B.  — Branches  of  the  second  part. — The  branches  of  this  part  are  chiefly 
distributed  to  muscles,  and  are  named  muscular. 

(a)  The  deep  temporal  branches,  two  in  number  (anterior  and  posterior),  ascend- 
ing between  the  temporal  muscle  and  the  cranium,  supply  that  muscle,  and  anasto- 
mose with  the  branches  of  the  other  temporal  arteries,  and  with  minute  branches  of 
the  lachrymal  artery,  through  small  foramina  in  the  malar  bone. 

(Z))  The  pterygoid  branches,  small,  short  offsets,  irregular  in  number  and  origin, 
are  distributed  to  the  pterygoid  muscles. 

(c)  The  masseteric  is  a  small  but  regular  branch  which  passes  from  within  out- 
wards, above  the  sigmoid  notch  of  the  lower  maxillary  bone,  to  the  deep  surface  of 
the  masseter  muscle.  It  is  often  joined  at  its  origin  with  the  posterior  temporal 
branch. 

(rf)  The  buccal  branch  runs  obliquely  forwards  upon  the  buccinator  muscle  with 
the  buccal  nerve  ;  it  is  distributed  to  that  and  other  muscles  of  the  cheek,  and  anas- 
tomoses with  the  branches  of  the  facial  artery, 

C,  Branches  of  the  third  part. — These  branches,  like  those  of  the  first 
series,  enter  bony  foramina  or  canals. 

(a)  The  alveolar  or  superior  maxillary  branch,  arising  near  the  tuberosity  of  the 
maxillary  bone,  frequently  in  common  with  the  infra-orbital  branch,  runs  tortuously 
forwards  upon  the  surface  of  the  upper  jaw,  and  gives  off  the  su2}crior  dental  and 
other  branches  which  enter  the  foramina  of  the  tuberosity,  and  supply  the  pulps  of 


INTERNAL  IIAXILLARY.— PHARYNGEAL. 


367 


the  upper  molar  and  bicuspid  teeth,  besides  ramifying  in  the  lining  membran  of 
the  maxillary  sinus.    Other  small  branches  supply  the  gums. 

(b)  The  in/ra-oi-bital  artery  runs  horizontally  forwards  into  the  infra-orbital  canal, 
and  having  traveled  that  canal  along  with  the  superior  maxillary  nerve,  emerges 
upon  the  face  at  the  infra-orbital  foramen. 

Whilst  still  in  the  canal,  it  sends  upwards  into  the  orbit  small  branches,  which 
enter  the  inferior  rectus  and  the  inferior  oblique  muscle  of  the  eye  and  the  lachrymal 
gland,  and  others  downwards  to  supply  the  front  teeth.  On  the  face  it  gives  branches 
upwards,  to  the  lachrymal  sac  and  inner  angle  of  the  orbit,  anastomosing  with  the 
nasal  branches  of  the  ophthalmic  and  focial  arteries,  and  sends  other  branches  down- 
wards, beneath  the  levator  labii  supcrioris,  which  join  the  ramifications  of  the  trans- 
verse facial,  buccal,  and  superior  coronary  arteries. 

(c)  The  descending  or  superior  palatine  artery  descends  perpendicularly  through 
the  posterior  palatine  canal,  with  the  palatine  nerve,  and  runs  along  the  hard  palate. 
In  front  it  ends  in  a  small  vessel  which  ascends  through  the  incisor  foramen,  and 
anastomoses  with  the  artery  of  the  septum.  While  descending  in  the  canal,  this 
artery  sends  ofi^  twigs  through  the  bone,  which  communicate  on  the  soft  palate  with 
the  ascending  palatine  artery. 

(d)  The  Vidian  branch  traverses  the  Yidian  canal  with  the  nerve  of  the  same 
name ;  it  is  distributed  to  the  Eustachian  tube  and  the  top  of  the  phaiynx,  and  sends 
a  small  vessel  into  the  tympanum. 

(e)  The  ptenjgo-palatine,  a  very  small  branch,  passes  backwards  through  the 
pterygo-palatine  canal  to  reach  the  top  of  the  pharynx,  to  which,  and  to  the  Eusta- 
chian tube  and  sphenoidal  cells,  it  is  distributed. 

(/)  The  nosed  or  spheno-palatine  artery  enters  the  spheno-palatine  foramen,  and 
divides  into  two  or  three  branches,  some  of  which  ramify  extensively  over  the 
spongy  bones,  while  others  supply  the  posterior  ethmoidal  cells  and  the  antrum. 
One  long  branch,  the  artery  of  the  septum,  runs  forwards  along  the  septum  nasi,  ends 
in  a  small  vessel  which  enters  the  incisor  foramen,  and  inosculates  with  the  descend- 
ing palatine  artery. 

Pecdliamties.— 0?-vVm.— The  internal  maxillary  artery  is  very  constant  in  its 
place  of  origin.    It  has,  however,  been  seen  to  arise  from  the  facial. 

Cow?-se.— The  artery  often  passes  under  cover  of  the  external  pterygoid  muscle 
crossing  the  inferior  maxillary  division  of  the  fifth  nerve.  It  has  likewise  been 
observed  to  issue  from  under  cover  of  the  external  pterygoid  by  piercing  the  middle 
of  that  muscle.  When  the  artery  is  placed  beneath  the  muscle,  it  has  been  found 
lodged  in  a  notch  in  the  posterior  margin  of  the  external  pterygoid  plate  and  bound 
doAvn  by  fibrous  structure.  ' 

^ranc/ies.— The  middle  meningeal  artery  occasionally  furnishes  the  lachrymal 
artery  (usually  an  ofi'set  of  the  ophthalmic),— a  peculiarity  which  may  be  looked  on 
as  resulting  from  the  enlargement  of  an  ordinary  anastomosing  branch. 

In  a  case  in  which  the  internal  carotid  artery  was  wanting,  two  tortuous  branches 
from  the  internal  maxillary  entered  the  skull  by  the  foramen  rotundum  and  foramen 
ovale,  to  supply  its  place.   (Quain,  "  On  the  Arteries,"  pi.  13,  fig.  8.)] 

Vni.  ASCENDING  PHARYNQEAL  ARTERY. 

The  pharyngeal  artery,  long  and  slender,  the  smallest  branch  of  the 
external  carotid  which  has  received  a  distinctive  designation,  arises  most 
commonly  from  half  an  inch  to  an  inch  above  the  origin  of  the  external 
carotid;  and  m  its  straight  course  upwards  rests  on  the  rectus  capitis 
anticus,  close  to  the  surface  of  the  pharynx,  between  it  and  the  internal 
carotid  artery,  and  is  thus  directed  up  towards  the  base  of  the  skull 

viz  ttr°f  VT^'^r'  ""'^  ^^"^  ^^'^         ^«  ^^^id^d  into  th^ee  sets, 

Mz.,  those  to  the  pharynx ;  a  set  directed  outwards ;  and  meningeal  branches! 

or  ^?l„^^«2fr^"f  pass  inwards,  for  the  most  part,  to  the  pharynx  One 

mus  les    mZrlTt'  ^r^''-'  T^'^      ''''  '^^"^  inferior  constricto 

muscles.   Higher  up  than  these  is  a  larger  and  more  regular  branch,  which  runs 
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Fig.  259. 


Fig.  259.— Deep  View  of  the  Lingtial  akd  Phartkgeal  Aeteeies  (from  R.  Quain).  ^ 

In  tLe  preparation  from  ■which  this  drawing  has  been  taken  half  the  lower  jaw  has  been 
removed,  and  the  tongue  has  been  drawn  forwards  between  the  teeth  ;  the  external 
pterygoid  muscle  has  been  removed  and  the  temporal  muscle  has  been  turned  up  from 
within  the  zygoma  :  a,  the  root  of  the  zygoma,  above  the  glenoid  cavity  ;  b,  placed  on  the 
lobe  of  the  ear,  points  by  a  line  to  the  styloid  process,  from  which  the  stylo-glossus  and 
stylo-pharyugeus  are  seen  passing  downwards  and  forwards,  and  the  stylo-hyoid  detached 
•from  the  hyoid  bone  is  thrown  backwards  with  the  digastric  muscle  ;  c,  transverse  pro- 
cess of  the  atlas  ;  d,  upper  surface  of  the  tongue ;  e,  sawn  surface  of  the  symphysis  of  the 
lower  jaw  ;  /,  the  angle  of  the  hyoid  bone ;  1,  left  common  carotid  artery ;  2,  internal 
carotid  artery  ;  3,  external  carotid  artery  ;  3',  placed  on  the  stylo-pharyngeus  muscle, 
points  by  a  line  to  the  upper  part  of  the  external  carotid  artery  divided  where  it  enters 
the  parotid  gland  ;  4,  superior  thyroid  artery,  its  laryngeal  branch  passing  upon  the  thyro- 
hyoid membrane ;  6,  lingual  artery  about  to  pass  within  the  hyo-glossus  muscle;  5',  placed 
on  the  genio-hyo-glossus,  points  to  the  continuation  of  the  lingual  artery  in  the  rauine ; 
6  the  trunk  of  the  facial  artery  cut  short  ;  6',  its  tonsillar  and  pharyngeal  branches  ; 
7,  occipital  artery  cut  short ;  8,  ascending  pharyngeal  artery  ;  S',  its  upper  part  turning 
down  upon  the  pharynx  ;  9,  internal  maxillary  artery  as  it  passes  into  the  spheno-max- 
illary  fossa,  and  gives  tlie  posterior  dental  and  the  infra-orbital  arteries  ;  9',  middle 
meningeal  artery  ;  10,  placed  on  the  deep  surface  of  the  temporal  muscle,  which  is 
turned  up  and  shows  some  cut  branches  of  the  deep  temporal  arteries. 
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(b)  The  external  branches,  small  and  irregular,  are  distributed  to  the  rectus  anticus 
muscle,  the  first  cervical  ganglion  of  the  sympathetic  nerve,  some  of  the  cerebral 
nerves  as  they  issue  from  the  skull,  and  to  lymphatic  glands.  Some  of  them  anasto- 
mose with  the  ascending  cervical  branch  of  the  subclavian  artery. 

(c)  The  meningeal  branches  are  terminal  twigs,  which  pass  through  the  foramen 
lacenim  posticum  to  end  in  the  dura  mater. 

Pkooliakities. — This  artery  varies  greatly  in  its  place  of  origin  from  the  carotid. 
It  occasionally  springs  from  another  source,  as  from  the  occipital  or  internal  carotid, 
and,  in  a  few  instances,  it  has  been  seen  double. 
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The  internal  carotid  artery  is  distributed  to  the  brain,  to  the  eye 
with  its  appendages,  and  in  part  to  the  forehead.  It  extends  directly 
upwards  from  the  termination  of  the  common  carotid  artery,  opposite  the 
upper  border  of  the  thyroid  cartilage,  to  the  carotid  foramen  of  the  temporal 
bono.  Entering  the  cranial  cavity  througli  the  carotid  canal,  it  crosses  the 
foramen  lacerum  medium,  and  turning  upwards  on  the  side  of  the  sphenoid 
bone,  it  passes  forwards  on  th.e  carotid  groove  of  that  bone.  Thence  it 
turns  abruptly  upwards  on  the  inner  side  of  the  anterior  clinoid  process, 
and  divides  opposite  the  inner  end  of  the  Sylvian  fissure  of  the  brain,  into 
the  anterior  and  middle  cerebral  arteries. 

In  the  neck,  the  internal  carotid  artery  varies  in  length  according  to  the 
height  of  the  division  of  the  common  carotid.  It  rests  on  the  rectus  anticus 
major  muscle,  and  has  the  pharynx  and  tonsil  on  its  inner  side.  The 
internal  jugular  veiu  is  in  contact  with  it  as  far  as  the  base  of  the  skull, 
lying  on  its  superficial  and  posterior  aspect :  and  j)laced  more  deeply  behind 
it  are  the  vagus  nerve  and  main  trunk  of  the  sympathetic.  At  its  com- 
mencement the  artery  is  covered  only  by  the  sterno-mastoid  muscle,  by  the 
platysma  myoides,  and  by  fascia,  and  lies  to  the  outer  side  of  the  external 
carotid.  It  soon,  however,  becomes,  concealed  by  the  parotid  gland,  and 
lies  internal  and  posterior  to  the  external  carotid  trunk,  and  is  crossed  first 
by  the  occipital  artery,  and  by  the  hypoglossal  nerve  and  the  digastric  and 
stylo-hyoid  muscles,  three  structures  which  lie  superficial  to  both  carotid 
arteries ;  and  higher  up,  by  the  styloid  process,  the  stylo-pharyngeus 
muscle  and  the  glosso-pharyngeal  nerve,  which,  together  with,  in  some 
cases,  the  pharyngeal  branch  of  the  vagus  nerve,  pass  forwards  between  the 
external  and  internal  carotid  arteries. 

Within  the  cranium,  the  internal  carotid  artery  has  a  very  tortuous 
course,  curving  forwards  and  inwards  within  the  carotid  canal,  then  turning 
upwards  to  reach  the  sphenoid  bone,  on  which  it  is  at  first  directed  hori- 
zontally forwards,  and  afterwards  resumes  the  vertical  position  on  the  inner 
side  of  the  anterior  clinoid  process.  In  this  part  of  its  course  the  artery  is 
accompanied  by  the  carotid  and  cavernous  plexuses  of  the  sympathetic 
nerve.  After  leaving  the  carotid  canal,  it  lies  in  the  floor  of  the  cavernous 
smus,  andm  contact  with  it  externally  are  the  nerves  which  pass  through  the 
sphenoidal  fissure.  Opposite  the  anterior  clinoid  process  it  pierces  the  layer 
of  dura  mater  which  forms  the  roof  of  the  sinus,  and  becomes  invested  with 
arachnoid  membrane. 

pro^babh^ntt?^"''°  internal  carotid  artery  in  the  skull  the  brain  is 

bloocl  3  nrononn.1  f^''°  f^'^T^'^  ^'T  pulsations  with  which  the 

to^tuos^tv  boTori  1^°"        heart.    Occasionally  the  artery  presents  considerable 

trunk  Having  probably  been  elongated  by  the  force  of  the  pulsations 


3G0 


INTERNAL  CAROTID  ARTERY. 


The  vertetral  artery  is  similarly  tortuous  before  entering  the  cranium. 

Branches. — In  the  neck  the  internal  carotid  artery  gives  usually  no 
branch.  Wliile  within  the  carotid  canal  it  sends  a  small  offset  to  the  tym- 
panum, -which  anastomoses  with  the  tympanic  and  stylo-mastoid  arteries. 
Within  the  cavernous  sinus  some  small  branches  proceed  from  it  to  supply 
the  walls  of  the  sinus  and  the  adjacent  dura  mater. 

Opposite  the  anterior  clinoid  process,  the  internal  carotid  gives  off  the 
ophthalmic  artery ;  and  at  the  Sylvian  fissure  of  the  brain,  before  dividing 
into  the  anterior  and  middle  cerebral  arteries,  it  gives  off  or  is  joined  by  the 
2oosterior  communicating  artery,  a  slender  anastomotic  branch  which  lies 
parallel  to  its  fellow  of  the  opposite  side  and  unites  the  internal  carotid 
with  the  posterior  cerebral  artery. 

Peotjliamtibs.— In  very  rare  cases  of  abnormal  arrangement  of  the  arch  of  the 
aorta,  the  internal  carotid  artery  has  arisen  as  a  primary  trunk.  A  few  examples  are 
recorded  of  its  entire  absence. 

The  posterior  communicating  artery  has  been  occasionally  seen  replaced  by  two 
very  small  vessels. 


BRANCHES  OF  THE  INTERNAL  CAROTID  ARTERY. 

I.   OPHTHALMIC  ARTERY. 

The  ophthalmic  artery,  arising  from  the  internal  carotid  artery  by  the 
side  of  the  anterior  clinoid  process,  enters  the  orbit  by  the  foramen  opticum, 
below  and  to  the  outer  side  of  the  optic  nerve.  It  soon  changes  its  dii'ection, 
passing  over  the  nerve  to  reach  the  inner  wall  of  the  orbit,  along  which  it 
runs  forwards,  and  terminates  in  branches  which  ramify  on  the  forehead 
and  side  of  the  nose. 

Branches  : — 

(a)  The  lachrymal  arleiy,  arising  on  the  outer  side  of  the  optic  nerve,  passes 
forwards  along  the  upper  border  of  the  external  rectus  muscle  to  the  lachrymal 
gland,  in  which  the  greater  number  of  its  branches  are  distributed.  Some  of  the 
branches  pass  onwards  to  the  eyelids  and  conjunctiva,  joining  with  other  palpebral 
branches ;  and  one  or  two  delicate  malar  branches  pierce  the  malar  bone  and  reach 
Ihe  temporal  fossa,  where  they  join  branches  from  the  deep  temporal  arteries.  The 
lachrymal  artery  has  also  branches  of  communication  through  the  sphenoidal  fissure 
with  small  offsets  from  the  middle  meningeal  artery. 

(6)  The  central  artery  of  the  retina,  a  very  small  vessel,  pierces  the  sheath  and 
substance  of  the  optic  nerve  about  a  quarter  of  an  inch  behind  its  junction  with  the 
eyeball,  and  runs  imbedded  within  it  to  the  retina,  in  which  it  ramifies  in  minute 
branches.  A  very  delicate  vessel,  demonstrable  in  the  foetus,  passes  forwards  through 
the  vitreous  humour,  to  reach  the  posterior  surface  of  the  capsule  of  the  crj'stal- 
line  lens. 

(c)  The  supra-orhital  branch  ascends  above  the  muscles,  and  coursing  forwards  to 
the  supra-orbital  notch,  in  company  with  the  frontal  nerve,  terminates  on  the 
forehead.  It  distributes  branches  to  the  eyelids,  and  communicates  with  the  temporal 
artery. 

{d)  The  ciliary  arteries  are  divisible  into  three  sets,  viz.,  short,  long,  and  anterior 
ciliary.  The  short  ciliary  arteries,  varying  from  twelve  to  fifteen  in  number,  enclose 
the  optic  nerve  as  they  pass  forwards  to  reach  the  posterior  aspect  of  the  sclerotic 
coat  which  they  pierce,  and  enter  the  eyeball  about  a  line  or  two  from  the  entrance 
of  the  optic  nerve.  The  lojjg  ciliary  arteries,  two  in  number,  also  enter  the  back  of 
the  eyeball,  and  then  pass  forwards,  one  on  each  side,  between  the  choroid  mem- 
brane and  the  sclerotic,  as  far  as  the  ciliary  ligament,  where  they  divide  into 
branches.  The  anterior  ciliary  arteries  are  derived  from  some  of  the  muscular 
branches  -  they  form  a  vascular  circle  around  the  fore  part  of  the  eyeball,  and  then 
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Fig.  260. — Semidiaqrammatio  View  op  the  Arteries  of  the  Orbit  and  NEionBouR- 
iNQ  PARTS,  WITH  TiiEiH  BRANCHES  AND  ANASTOMOSES  (founded  on  HirschfeM  and 
Leveille,  with  additions). 

The  outer  wall  of  the  orbit  has  been  removed,  the  sinus  maxillaris  is  laid  open,  the 
eyelids  are  turned  forwards,  and  the  external  and  superior  recti,  and  the  siiperior  oblique 
muscles  have  been  partially  removed,  a,  optic  nei-ve  ;  b,  hook,  holding  up  the  posterior 
part  of  the  superior  rectus  muscle,  the  anterior  part  of  which  is  left  attached  to  the  eye- 
ball ;  c,  lachrymal  gland,  thrown  up  on  the  frontal  bone  ;  d,  insertion  of  the  inferior 
oblique  muscle ;  e,  inferior  rectus  ;  /,  /,  anterior  and  posterior  portions  of  the  divided 
external  rectus  ;  r/,  maxUlary  sinus ;  h,  hook,  holding  up  the  eyelids,  of  which  the  deep 
surface  is  exhibited. 

I,  internal  carotid  artery  below  the  inferior  aperture  of  the  carotid  canal  of  the  temporal 
bone,  which  is  indicated  higher  up  by  a  ring  surrounding  the  artery  ;  1',  the  part  of  the 
artery  situated  within  the  temporal  bone,  a  second  ring  indicating  the  place  of  the  upper 
aperture  of  the  temporal  canal  ;  I  ',  the  part  of  the  artery  situated  on  the  sphenoid  bone ; 
upon  this  artery,  1,  twig  to  the  mastoid  cells  and  tympanum  ;  2,  twigs  in  the  cavernous 
sinus  ;  3,  communicating  to  the  posterior  cei'cbral ;  4,  middle  cerebral ;  6,  anterior 
cerebral. 

II,  basilar  artery  ;  upon  this  artery,  6,  posterior  cerebral ;  7,  superior  cerebellar  :  the 
accented  numbers,  3',  4',  5',  6',  7',  indicate,  on  the  left  side,  the  arteries  already  named 
under  the  same  numbers  on  the  right  side,  and  with  these  and  the  anterior  communicating 
branch  marked  by  + ,  complete  the  Circle  of  Willis. 

III,  upper  part  of  the  external  carotid  artery  dividing  into  III  x  ,  the  superficial  temporal, 
and  III',  III",  the  internal  maxillary  artery  ;  upon  the  latter  artery,  1,  inferior  dental 
branch  ;  2,  middle  meningeal ;  3,  3,  masseteric  and  pterygoid  branches  ;  4,  buccal  ;  5,  5, 
anterior  and  posterior  deep  temporal ;  6,  posterior  superior  dental ;  7,  infraorbital  ;  7', 
branches  of  the  same  issuing  upon  the  face ;  8,  part  of  the  internal  maxillary,  which 
turns  into  the  spheno-maxillary  fosSa. 

IV,  facial  arteiy,  terminating  at  11,  in  the  angular,  and  giving  off,  at  12,  the  lateral 
nasal  branches,  and  others  which  communicate  with  the  infraorbital. 

In  the  orbit  the  following  numbers  indicate  tfle  ophthalmic  artery  and  its  branches  :  1, 
the  ophthalmic  artery  at  its  origin  from  the  internal  carotid  ;  1',  the  same  artery  con- 
tinued on  the  upper  and  inner  side  of  the  orbit  ;  2,  lachrymal  branch  ;  3,  central  artery  of 
the  retina  ;  4,  some  of  the  ciliary  arteries  ;  5,  5,  upper  and  lower  muscular  branches  ; 
6,  supraorbital  ;  7,  7',  posterior  and  anterior  ethmoidal  arterii-s  ;  8,  palpebral  ;  8',  8", 
its  sni)erior  and  inferior  divisions  ;  9,  frontal ;  10,  nasal  communicating  with  the  angular 
of  the  facial. 
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pierco  tlic  sclerotic  within  a  line  or  two  of  the  margin  of  the  cornea.  All  these 
ciliary  arteries  anastomose  together  wiLliin  the  eyeball,  their  distribution  in  which 
will  be  particularly  described  with  the  anatomy  of  the  eyeball. 

(e)  The  muscular  branches,  subject  to  much  variety,  u.sually  arranged  in  an  upper 
and  lower  set,  supply  the  muscles  of  the  orbit. 

(/)  The  ethmoidal  branches  arc  two  in  number,  a  ^^osterior  and  an  anlci-ior.  They 
pass  through  the  posterior  and  anterior  internal  orbital  foramina,  the  latter  in 
company  with  the  nasal  branch  of  the  ophthalmic  nerve ;  and  both  arteries,  having 
furnished  branches  to  the  ethmoidal  cells,  enter  the  skull,  supply  the  adjacent  dura 
mater,  and  send  branches  through  the  cribriform  lamella  to  the  nose. 

(//)  The  two  paljjehral  branches,  superior  and  inferior,  arise  near  the  front  of  the 
orbit,  usually  together,  but  soon  diverge,  one  lying  above,  the  other  below  the 
tendon  of  the  orbicularis  muscle  at  the  inner  angle  of  the  eye ;  they  form  arches, 
one  in  each  lid,  and  send  branches  to  the  caruncula  laclirymalis  and  the  lachrymal 
sac. 

(/(,)  The  nasal  branch  courses  forwards  above  the  tendon  of  the  orbicularis  muscle 
to  the  root  of  the  nose,  where  it  ramifies,  maintaining  a  free  communication  with  the 
nasal  and  the  angular  brandies  of  the  facial  artery. 

(/)  The  frontal  branch  runs  close  to  the  preceding,  but  on  reaching  the  margin  of 
the  orbit  turns  upwards  on  the  forehead,  where  it  anastomoses  with  the  supraorbital 
artery. 

Fig.  261.  Fig-  261. — View  op  the 

distkibution  of  the 
Branches  op  the  In- 
ternal Carotid  and 
Vertebral  Arteries  to 
the  lower  parts  op 
the  Brain  (altered 
from    Hivschfeld  and 


Leveill^). 


On  the  left  side  of  the 

J"'/'       y  ~^S^IIII^''^^^^^^^tMBSUI^^^^^>W^  brain   a    portion   of  the 

/   /    \      wKf^  JV'^f^^fiSS^^^^fi''"^^  middle  lobe  of  the  cere- 

'        /      M^^^  ^^l5i^^?^l''^^Sifei A         brum  has  been  removed  so 
fy   I     I    f  SKMb^^a^^^    ^^k^^BSHIB         as  to  open  up  the  fissure  of 

Sylvius  and  expose  the 
convolutions  of  the  island 
of  Reil ;  and  the  left  half 

/\,  I     \  .      IHE^^      f  "^^■^'^Hl©^  of  the  cerebellum  has  been 

H!  Tisl      7\i,}*i^^y       W^,  .  i^KlBSlPfe..  m      removed  to  show  the  lower 

surface  of  the  posterior 
cerebral  lobe.  1,  placed 
on  the  optic  commissure, 
points  to  the  divided  stem 
of  the  left  internal  carotid 
artery  where  its  cerebral 
distribution  begins ;  2, 
anterior  cerebral  branch, 
exposed  fully  by  the  re- 
moval of  a  portion  of  the 
left  optic  nerve;  2',  placed 
on  the  knee  or  anterior 
bend  of  the  corpus  callo- 
placed  on  the  lamina  cinerea  in  front  of  the  optic 
commissure  m^irks  the  anterior  communicating  artery ;  3,  middle  cerebral  artery 
mSfStrfissure  of  Sylvius  and  distributing  its  branches  oyer  the  convolutions  of 
the  Sfand  of  Reil  and  others  beyond;  4,  placed  between  the  infundibulum  and  the 
.  nlhiPantia  Boints  by  a  line  to  the  left  posterior  communicating  artery  ;  5,  basilar 
rZ  6  pTsteAor^^^^^^^^  artery,  its  distribution  exposed  oa  the  left  side  by  the 
^  ^  nf  half  oTthe  cerebellum;  7,  placed  on  the  pons  Varolii,  points  to  the  right 
removal      f^f^  it^ferior  cerebellar  artery  ;  between  7,  and  8,  one  o 

;i;ri"«Xf  tt^t^^^^^^^^^^     °f     ^'-^"^ = "^r  "^'^ 

Irte  i^s    10  posterior  inferior  cerebellar  arteries  ;  11,  anterior  spinal  arteries. 


sum  between  its  two  arteries  ;  x , 
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II.    ANTERIOR  AND  MIDDLE  CEREBRAL  ARTERIKS. 

The  termmal  branches  of  the  internal  carotid  artery  supply  the  anterior 
and  greater  part  of  the  pia  mater  and  brain. 

The  anterior  cerebral,  commencing  at  the  subdivision  of  the  internal 
carotid  at  the  inner  end  of  the  fissure  of  Sylvius,  turns  forwards  towards 
the  middle  line  to  reach  the  longitudinal  fissure  between  the  anterior  lobes 
of  the  cerebral  hemispheres,  and  is  connected  with  the  vessel  of  the  opposite 
side  by  the  antcriw  communicating  artery,  a  branch  not  more  than  two 
lines  in  length.  The  two  anterior  cerebral  arteries,  lying  close  together,  in 
the  next  place  turn  round  the  anterior  border  of  the  corpus  callosum,  run 
backwards  on  its  upper  surface,  concealed  by  the  cerebral  hemispheres,  and 
end  by  anastomosing  with  the  posterior  cerebral  arteries.  In  their  course 
they  give  numerous  branches  to  the  brain. 

The  middle  cerebral  arteiy,  larger  than  the  anterior,  inclines  obliquely 
outwju'ds,  taking  the  course  of  the  fissure  of  Sylvius  ;  within  this  it  divides 
into  several  branches,  which  ramify  in  the  pia  mater  investing  the  surfaces 
of  the  anterior  and  middle  lobes  of  the  brain,  and  join  mth  the  branches  of 
both  the  anterior  and  posterior  cerebral  arteries.  Numerous  small  branches, 
without  ramifying  in  the  pia  mater,  turn  upwards  at  once,  and  enter  the 
brain  at  the  anterior  perforated  spot,  through  which  they  reach  the  coi-pus 
striatum. 

One  or  two  clioroid  arteries,  which  sometimes  arise  directly  from  the 
internal  carotid,  passing  backwards,  enter  the  fissure  between  the  middle 
lobe  and  the  crus  cerebri,  to  reach  the  descending  cornu  of  the  lateral 
ventricle,  in  which  they  are  distributed  to  the  choroid  plexus. 

Pecdliarities. — lu  rare  instances,  the  anterior  cerebral  arteries  have  united  into  a 
single  trunk,  like  the  basilar  artery  behind,  and  have  again  divided  into  a  right  and 
left  artery.    The  anterior  communicating  artery  is  frequently  double. 


CIRCLE  OP  WILLIS. 


A  remarkable  anastomosis  exists  between  the  branches  of  the  vertebral 
and  internal  carotid  arteries  within  the  cranium,  by  M-hich  the  circulation  in 
the  brain  may  be  equalised,  and  any  irregularity  which  might  arise  from  the 
obliteration  of  one,  or  even  two  of  the  vessels,  may  speedily  be  remedied  by 
a  corresponding  enlargement  of  the  others.  This  anastomosis,  known  as  the 
cirde  of  Willis,  results  from  a  series  of  communications  between  the  follow- 
ing branches.  The  anterior  cerebral  arteries  are  connected  together,  as 
already  mentioned,  in  the  longitudinal  fissure  by  the  anterior  communicatincr 
artery.  The  right  and  left  internal  carotids,  the  trunks  from  which  the 
anterior  cerebral  arteries  arise,  are  united  by  the  posterior  communicatiut. 
arteries  to  the  posterior  cerebral  arteries,  which  arise  behind  from  a  single 
trunk— the  basdar  artery.  Within  or  opposite  to  the  area  of  this  vascular 
circle  are  the  following  parts  of  the  encephalon,  viz.,  the  commissure  of 
the  optic  nerves,  lamina  cinerea,  iufundibulum  and  tuber  cinereum,  corpora 
albicantia  posterior  perforated  spot  with  part  of  the  crura  cerebri,  and  the 
ongin  of  the  thu-d  pair  of  nerves. 

posterior  cerebral  artery  of  one  side  arises  by  an  enlarged  Dosterior 
v"csl7Sh"c\^;:r^°°^  '^'^'^''^  ^^^''^  -  conneLdUX  a'Btnd:; 
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SUBCLAVIAN  ARTERIES. 

The  subclavian  artery  is  only  the  commencing  portion  of  a  long  trunk 
whicli  forms  the  main  artery  of  the  upper  limb,  and  which  is  artificially 
divided  for  purposes  of  description  into  three  parts— the  subclavian, 
axillary,  and  brachial  arteries. 

The  subclavian  artery,  arising  on  the  right  side  from  the  extremity  of  the 
innominate  stem,  and  on  the  left  from  the  arch  of  the  aorta,  passes  a  short 
way  up  into  the  neck,  arches  outwards  over  the  pleura,  and  rests  between 
the  scalenus  anticus  and  scalenus  medius  muscles  on  the  first  rib.  At  the 
outer  border  of  the  first  rib  it  ceases  to  be  called  subclavian,  and  is  con- 
tinued into  the  axillary  artery. 

Each  subclavian  artery  is  conveniently  divided  into  three  parts, — the 
first  part  extending  from  the  origin  of  the  vessel  to  the  inner  border  of  the 
anterior  scalenus  muscle  ;  the  second  consisting  of  the  portion  of  the  vessel 
situated  behind  that  muscle ;  and  the  third  reaching  outwards  to  the  external 
border  of  the  first  rib.  In  examining  each  of  these  portions  in  detail,  it 
wiU  be  necessary  in  the  first  part  to  give  separate  descriptions  for  the  right 
and  the  left  sides,  as  there  is  a  material  difference  in  the  anatomy  of  the  two 
vessels. 

The  FrRST  pakt  of  the  right  subclavian  artery  commences  close  to 
the  trachea,  at  the  division  of  the  innominate  artery,  behind  the  upper  part 
of  the  sterno -clavicular  articulation,  and  ends  at  the  inner  mai'gin  of  the 
anterior  scalenus  muscle.  Separating  from  the  carotid  artery,  it  arches  up- 
wards and  outwards,  and  ascends  above  the  level  of  the  clavicle  to  an  extent 
which  varies  in  different  cases.  It  is  deeply  placed,  being  covered  by  the 
platysma,  the  sterno-mastoid,  the  stemo-hyoid  and  sterno-thyroid  muscles, 
and  the  deep  cervical  fascia.  It  is  in  contact  with  the  pleura  inferiorly,  and 
is  separated  by  an  interval  from  the  longus  coHi  muscle  behind. 

Relation  to  Veins. — The  subclavian  vein  lies  lower  than  the  first  part  of 
the  right  subclavian  artery,  close  under  the  clavicle.  In  its  course  to  join 
this  vein,  the  internal  jugular  passes  in  front  of  the  artery  near  the  scalenus 
muscle,  as  do  also,  nearer  the  middle  line,  the  anterior  jugular  and  a  vertebral 
vein. 

Belation  to  Nerves. — The  vagus  nerve  passes  in  front  of  the  artery  on 
the  inner  side  of  tho  internal  jugular  vein,  and  its  recurrent  laryngeal 
branch,  turning  round  below  the  artery,  ascends  behuid.  Some  cardiac 
branches  of  the  sympathetic  nerve  pass  down  over  the  artery. 

The  first  part  of  the  left  subclavian  artery  arises  from  the  upper 
surface  of  the  arch  of  the  aorta,  at  the  left  end  of  its  transverse  portion, 
and  ascends  to  the  margin  of  the  first  rib,  behind  the  insertion  of  the  anterior 
scalenus  muscle.  It  is,  therefore,  longer  than  the  first  part  of  the  right  sub- 
clavian, and  ascends  at  first  almost  vertically  out  of  the  chest,  instead  of 
arching,  like  that  vessel,  outwards  across  the  neck.  It  is  at  first  overlapped 
by  the  left  lung,  and  is  covered  in  front  and  on  the  left  side  by  the  pleura ; 
it  rests  on  the  longus  colli  muscle,  and  lies,  for  a  short  space,  in  front  of 
the  oesophagus  (here  deviating  to  the  left  side),  and  the  thoracic  duct.  To 
the  inner  or  right  side  of  the  vessel  are  situated  the  left  carotid  and  trachea, 
and  further  up  the  oesophagus  and  the  thoracic  duct. 

Belation  to  Veins. — The  internal  jugular  vein  is  immediately  before  the 
artery,  where  it  turns  outwards  from  tho  thorax,  close  to  the  scidcnus 
muscle  ;  and  the  left  innominate  vein  is  likewise  anterior  to  it. 
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Eehdicm  to  Nerves. -Tho  pneumogastric  nerve  is  anterior  to  the  first  part 
of  tho  loft  subclavian  artery,  and  parallel  with  it,  tho  recurrent  branch  on 
this  side  turning  round  bolow  the  arch  of  the  aorta.    Tho  phrenic  nerve 

Fig.  262. 


Pig.  262. — View  op  the  Right  Common  Carotid  and  Subclavian  Arteries,  with 

THE  origin  op  THEIR  CIIANCUES  AND  THEIR  RELATIONS  (from  R.  Quain).  5 

For  the  description  of  the  upper  part  of  this  figure,  see  p.  342.  The  following  expla- 
nation relates  to  the  subclavian  artery  and  its  branches  :  8,  the  first  part,  8',  tlic  third 
part,  of  the  arch  of  the  subclavian  artery  ;  8",  the  subclavian  vein,  shown  by  the  re- 
moval of  a  portion  of  the  clavicle  ;  9,  is  i)laced  on  the  scalenus  anticus  muscle  in  tiie 
angle  between  the  transverse  cervical  and  supra-scapular  branches  of  the  thyroid  axis  ; 
10,  outer  part  of  the  supra-scapular  artery  ;  10',  transverse  cervical  branches  passing 
into  the  deep  surface  of  tiie  trai)cs',ius;  10",  the  posterior  scajiular  artei'y,  represented  .ts 
rising  directly  from  the  third  part  of  the  subclavian  artery,  aTid  passing  through  the 
axillary  plexus  of  nerves  and  under  the  levator  anguli  scapula* ;  11,  on  the  scalenus  anticus 
muscle,  points  to  the  inferior  thyroid  artery,  near  the  place  where  the  ascending  muscular 
artery  of  the  neck  is  given  off ;  tho  phrenic  nerve  lies  on  the  muscle  to  the  outside  ; 
the  Bupra-sterual  twig  of  tl\c  supra-scapular  artery. 
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descends  over  the  cortery  along  the  inner  margin  of  the  scalenus  muscle,  im- 
mediately outside  the  thyroid  axis.  The  cardiac  nerves  of  the  loft  side, 
descending  from  the  neck,  are  close  to  the  artery. 

The  second  part  ov  the  subclavian  artery,  the  short  portion  concealed 
by  the  anterior  scalenus  muscle,  forms  the  highest  part  of  the  arch  described 
by  the  vessel  across  the  neck.  Somewhat  less  deeply  placed  than  the  first 
part,  it  is  covered  by  the  platysma  and  the  sterno-mastoid  muscle,  with 
layers  of  the  cervical  fascia.  Behind,  it  rests  against  the  middle  scalenus 
muscle  ;  and  below,  it  lies  on  the  pleura. 

Relation  to  Veins  and  Nerves. — The  subclavian  vein  is  lower  than  the 
artery,  and  is  separated  from  it  by  the  anterior  scalenus  muscle.  The 
phrenic  nerve,  which  descends  obliquely  inwards  over  that  muscle,  usually 
crosses  the  first  part  of  the  subclavian  artery  of  the  left  side  close  to  the 
muscle,  while  on  the  right  side,  not  having  quite  reached  the  margin  of  the 
muscle  at  the  level  of  the  artery,  it  is  usually  separated  by  the  muscle  from 
the  second  part  of  the  artery. 

The  third  part  of  the  subclavian  artery  lies  in  a  small  triangular 
space,  the  sides  of  which  are  formed  by  the  omo-hyoid  muscle  and  clavicle, 
and  the  base  by  the  anterior  scalenus  muscle  ;  the  omo-hyoid  is  in  some 
instances  immediately  over  the  artery.  The  subclavian  artery  is  nearer  to 
the  surface  here  than  elsewhere,  being  covered  only  by  the  platysma  and 
layers  of  the  cervical  fascia,  but  towards  its  termination  it  becomes  deeper, 
sinking  under  the  clavicle  and  the  subclavius  muscle. 

Relation  to  Veins. — The  subclavian  vein  continues  to  be  anterior  to,  and 
lower  than  the  artery.  The  external  jugular  vein  lies  over  the  artery,  and 
receives  on  the  outer  side  from  the  shoulder  the  two  veins  which  accompany 
the  supra-scapular  and  transverse  cervical  arteries.  The  veins  in  some  cases 
form  a  sort  of  plexus  over  the  artery. 

Relation  to  Nerves. — Above  the  vessel  are  placed  the  large  brachial 
nerves,  the  lowest  cord  formed  by  the  union  of  the  last  cervical  and  the  first 
dorsal  nerve  being  behind  and  in  contact  with  it.  The  small  nerve  of  the 
siihclavius  muscle  passes  down  over  the  arteiy,  and  the  space  which  lodges 
the  artery  is  crossed  in  front  by  the  superficial  descending  (clavicular) 
branches  from  the  cervical  plexus  of  nerves. 

Branches. — Four  branches  are  usually  described  as  arising  from  each 
subclavian  artery.  Of  these,  three,  namely,  the  vertebral,  the  internal 
mammary,  and  the  thyroid  axis,  generally  spring  close  together  from  the 
first  part  of  the  artery,  near  the  inner  side  of  the  anterior  scalenus  muscle ; 
while  the  fourth  branch,  the  superior  intercostal,  is  usually  found  internal  to 
that  muscle  on  the  left  side,  but  arising  under  cover  of  it,  from  the  second 
part  of  the  artery  on  the  right. 

The  vertebral  artery  springs  from  the  upper  and  back  part  of  the  sub- 
clavian, and  ascends  in  the  neck  to  reach  the  interior  of  the  skull ;  the 
internal  mammary  proceeds  from  the  lower  side  of  the  vessel,  and  descends 
into  the  fore  part  of  the  chest  and  abdomen  ;  the  thyroid  axis  arises  from 
the  front  of  the  artery,  and  divides  into  three  branches,  one  of  which,  the 
inferior  thyroid,  is  distributed  in  the  fore  part  of  the  neck,  whilst  the  other 
two,  the  suprasca'pula/r  and  the  transverse  cervical,  pass  outwards  across  the 
neck  to  the  shoulder  ;  lastly,  the  superior  intercostal  and  deep  cervical 
arise  by  a  common  stem  from  the  back  part  of  the  artery,  and  pass  into  the 
upper  part  of  the  thoracic  wall  and  the  posterior  muscles  of  the  neck.  The 
deep  cervical  is  reckoned  by  some  writers  as  a  fifth  branch  of  the  subclavian 
artery,  but  it  usually  rises  in  common  with  the  superior  intercostal  artery. 
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Another  branch,  in  the  great  majority  of  instances,  arises  from  the  thirfl 
part  of  the  artery.  This  is  most  frequently  the  posterior  scapular  arteiy,  a 
branch  which  otherwise  is  derived  from  the  transverse  cervical,  one  of  the 
divisions  of  the  thyroid  axis.  This  circumstance  is  of  surgical  interest,  as 
the  third  part  of  the  subclavian  artery  is  the  portion  of  the  vessel  usually 
tied  for  axillary  aneurism.  As  the  right  subclavian  artery  is  likewise 
accessible  to  the  surgeon  in  its  first  part,  it  is  proper  to  mention  that  the 
distance  between  the  origin  of  the  vessel  and  its  first  branch  is  usually 
between  half  an  inch  and  an  inch,  and  that  it  very  rarely  is  less  than  half 
an  inch  or  more  thjm  an  inch  and  a  half. 

Pkouliarities. — The  variations  in  origin  of  tho  subclavian  arteries  have  been  con- 
sidered along  M  ith  tlie  peculiarities  of  the  arch  of  the  aorta. 

Course. — The  height  to  which  these  vessels  reach  in  the  neck  is  liable  to  some 
variation.  Most  commonly  the  artery  crosses  the  neck  a  little  higher  than  the 
clavicle,  but  it  is  sometimes  placed  as  high  as  an  inch  or  even  an  inch  and  a  half 
above  the  level  of  that  bone.  The  greater  extent  of  elevation  above  the  clavicle,  how- 
ever, is  especially  seen  in  the  artery  of  the  right  side.  Occasionally  the  subclavian 
artery  perforates  the  anterior  scalenus  muscle,  and  in  a  few  rare  cases  it  has  been  seen 
altogether  in  front  of  the  muscle,  and  close  to  the  subclavian  vein.  That  vein  has 
been  also  seen  to  pass  with  the  artery  behind  the  scalenus  muscle. 

Branches. — Besides  the  variation  in  amount  of  the  branches  already  referred  to, 
it  may  be  noticed  that,  in  a  few  cases,  one  or  more  of  the  three  first  branches  have 
been  found  moved  inwards  from  their  usual  position,  or  outwards  to  another  division 
of  the  subclavian.  Sometimes  two,  and  mucli  more  rarely  three  branches  arise  from 
the  third  part  of  the  vessel. 


BRANCHES  OF  THE  SUBCLAVIAN  ARTERY, 

I.   VERTEBRAL  ARTERY, 

The  vertebral  artery,  which  is  usually  the  first  and  largest  branch  of  the 
subclavian,  arising  from  the  upper  and  back  part  of  that  vessel,  passes 
upwards  and  a  little  backwards,  and  enters  the  transverse  foramen  of  the 
sixth  cervical  vertebra — not  imfrequently  that  of  some  higher  vertebra. 
The  vessel  then  ascends  in  a  vertical  direction  through  the  series  of  foramina 
of  the  transverse  processes,  as  far  as  to  the  upper  border  of  the  axis  ;  there 
it  inclines  outwards  to  reach  the  corresponding  foramen  of  the  atlas,  and 
after  passing  through  that  aperture  winds  backwards  and  inwards  in  the 
groove  on  the  neural  arch  of  that  vertebra,  and,  piercing  the  dura  mater 
enters  the  skull  through  the  foramen  magnum.  Finally,  it  proceeds 
upwards  and  forwards,  and  turning  round  from  the  side  to  the  front  of  the 
medulla  oblongata  on  the  basilar  process  of  the  occipital  bone,  unites  with 
the  vessel  of  the  opposite  side,  at  the  lower  border  of  the  pons  Varolii  to 
form  the  basilar  artery. 

At  its  commencement,  the  vertebral  artery  lies  behind  the  internal  jugular 
vein,  and  on  approaching  the  vertebras  passes  between  the  longus  collfaud 
the  scalenus  anticus  muscle.  On  the  left  side,  the  thoracic  duct  In  ascending 
crosses  in  front  of  the  vessel  from  within  outwards. 

While  within  the  foramina  of  the  cervical  vertebrce,  the  artery  is  accom- 
panied by  a  plexus  of  the  sympathetic  nerves  and  by  the  vertebral  vein 
which,  as  the  vessels  issue  from  the  foramen  of  the  sixth  vertebra,  is  in 
front  of  the  artery  :  the  cervical  nerves  as  they  emerge  from  the  'inter- 
vertebral foramina  lie  behind  it.    The  sub-occipital  nerve  passes  out  beueatli 
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it,  v^hore  it  lies  on  the  groove  of  the  atlas,  and  at  that  point  the  artery  is 
covered  by  the  superior  oblique  muscle.  ^ 

Withi.1  the  skull  it  turns  round  the  side  of  the  medulla  oblongata,  be- 
tween the  ongui  of  the  hypoglossal  nerve  and  the  anterior  root  of  the 
sub-oocipital,  and  then  lies  between  the  anterior  surface  of  the  medulla  and 
the  basilar  process  of  the  occipital  bone. 


F'R-  263.  Fig.  263.  -  Deep  Dis- 

section OF  THE  Sub- 
clavian Artery  ON  THE 

RIGHT  SIDE,  SHOWINQ 
THE  ORIOIN  AND  COURSE 
OF      THE  VeUTEBUAL 

Artery  (from  Tiede- 
luann).  | 

a,  Ujiper  part  of  tbe 
sterno-mastoid  muscle,  its 
clavicular  part  divided 
below ;  6,  spinous  process 
of  the  axis;  c,  superior 
oblique  muscle  ;  d,  placed 
on  the  inferior  oblique 
muscle,  points  by  a  line 
to  the  posterior  arch  of  the 
atlas  vertebra ;  e,  semi- 
spinalis  colli;  /,  placed 
on  the  longus  colli,  points 
to  the  transverse  process 
of  the  sixth  cervical  ver- 
tebra ;  g,  on  the  first  rib, 
points  to  the  scalenus 
anticus  muscle  cut  near 
its  attachment ;  1,  inno- 
minate artery ;  2,  right 
common  carotid  ;  3,  right 
subclavian  ;  below  it,  the 
origin  of  the  internal 
mammary  artery  ;  above 
it,  4,  the  thyroid  axis, 
its  branches  cut  short ; 
5,  vertebral  artery,  pass- 
ing up  through  the  canal 
of  the  transverse  pro- 
cesses and  giving  branches 
to  the  muscles ;  5',  placed 
on  the  rectus  major,  points 
to'Tts  horizontal  part  on 

the  arch  of  the  atlas ;  6,  placed  on  the  lower  part  of  the  divided  scalenus  medius,  j)oints 
to  the  trunk  of  the  deep  cervical  and  first  intercostal  arteries;  6',  placed  on  the  scalenus 
medius,  points  to  the  deep  cervical  artery  ;  7,  occipital  artei-y  emerging  from  below  the 
sterno-mastoid  and  other  muscles  attached  to  the  mastoid  process. 


Branches.^ — A.  Cervical  branches : 

(a)  In  the  neck,  the  vertebral  artery  sends  off  at  different  points  of  its  coiiree 
several  small  branches  named  spinal  arteries.  Each  of  these  entering  the  spinal 
canal  through  an  intervertebral  foramen  divides  into  two  brandies;  one  of  these 
passes  along  the  roots  of  the  spinal  nerves,  supplying  the  siiinal  cord  and  its  mem- 
branes, and  anastomoses  with  the  other  spinal  arteries;  the  other  branch  ramifies 
on  the  back  part  of  the  bodies  of  the  vcrtcbroj  in  tlie  same  manner  as  similar  branches 
derived  from  the  intercostal  and  lumbar  arteries. 
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(a)  Muscular  branches  of  variable  size  are  distributed  to  the  deep-seated  cervical 
muscles. 

B.  Cranial  branches  : 

(a)  The  j^oslerior  meningeal  artery  is  a  small  branch  which  arises  opposite  the 
foramen  magnum,  and  ramifies  between  the  dura  mater  and  the  bone  in  the  occipital 
fossa,  and  upon  the  falx  cerebclli.    There  are  sometimes  two  of  these  small  vessels. 

{h)  The  2)oslerior  spinal  artery,  arising  at  an  obtuse  angle  from  the  vertebral, 
inclines  backwards  round  the  medulla  oblongata  to  reach  the  back  part  of  the  spinal 
cord ;  aided  by  reinforcements  from  small  arteries  which  ascend  upon  the  cervical 
and  dorsal  nerves  through  the  intervertebral  foramina,  it  may  be  traced  along  the 
cord,  lying  behind  the  roots  of  the  nerves,  as  a  minute  tortuous  vessel,  or  rather  a 
series  of  little  inosculating  vessels,  as  far  as  the  second  lumbar  vertebra,  where  it 
terminates  in  ramifications  on  the  cauda  equina. 

(c)  The  anterior  spinal  artery,  somewhat  larger  than  the  preceding,  arises  near 
the  end  of  the  vertebral  artery,  and  descends  obliquely  in  front  of  the  medulla 
oblongata.  Immediately  below  the  foramen  magnum,  it  unites  with  the  correspond- 
ing vessel  of  the  opposite  side,  so  as  to  form  a  single  trunk,  wliich  descends  a  short 
distance  only  along  the  middle  line  in  front  of  the  spinal  cord,  forming  the  upper 
part  or  commencement  of  the  anterior  median  artery  of  the  cord.  This  anterior 
spinal  branch  of  the  vertebral  artery  supplies  therefore  only  the  upper  part  of  the 
cord ;  the  remainder  being  provided  with  a  series  of  small  arteries,  which  are  derived 
in  the  neck  from  the  vertebral  and  inferior  thyroid  arteries,  in  the  back  from  the 
intercostal,  and  below  this  from  the  lumbar,  ilio-lumbar,  and  lateral  sacral  arteries. 
These  small  vessels  enter  the  spinal  canal  at  irregular  intervals  through  the  inter- 
vertebral foramina,  and  passing  along  the  roots  of  the  nerves,  communicate  with 
each  other  along  the  middle  line  by  means  of  ascending  and  descending  branches  ; 
so  that,  by  a  succession  of  anastomoses,  a  very  slender  single  vessel,  of  varying  thick- 
ness, named  the  anterior  median  artery,  appears  to  extend  from  the  one  end  to  the 
other  of  the  cord.  This  vessel,  or  chain  of  inosculating  vessels,  supplies  the  pia  mater 
and  the  substance  of  the  cord— some  entering  the  anterior  median  fissure.  At  the 
lower  end  of  the  spinal  cord  it  sends  branches  downwards  on  the  cauda  equina. 

On  a  part  of  the  spinal  cord  near  the  lower  end,  and  in  front  of  the  posterior  roots 
of  the  nerves,  may  be  found  another  small  artery,  about  equal  in  size  to  the  anterior 
spinal. 

{d)  The  poiita-ior  inferior  cerebellar  artery,  the  largest  of  the  branches,  arises  from 
the  vertebral  near  the  pons,  and  sometimes  from  the  basilar  artery :  it  turns  back- 
wards and  outwards,  between  the  hypoglossal  and  pneumogastric  nerves,  over  the 
restiform  body  and  near  the  side  of  the  opening  of  the  fourth  ventricle,  to  reach  the 
under  surface  of  the  cerebellum.  Here,  running  backwards  between  the  inferior 
vermiform  process  and  the  hemisphere,  it  divides  into  two  branches  :  one  of  which 
contmues  backwards  in  the  sulcus  between  the  hemispheres;  while  the  other,  turning 
outwards,  ramifies  on  the  under  surface  of  the  cerebellum  as  far  as  its  outer  border 
over  which  the  ultimate  divisions  of  each  branch  anastomose  with  those  of  the 
superior  cerebellar  arteries.  This  artery  partly  supplies  the  hemisphere  and  the 
vermiform  process,  and  gives  branches  to  the  choroid  plexus  of  the  fourth  ventricle 

Peculiarities. --Onsrm.-The  right  vertebral  artery  has  been  seen  to  arise  from 
the  common  carotid  of  the  same  side,  in  some  of  those  cases  in  which  the  right  sub- 
clavian has  been  given  as  a  separate  vessel  from  the  posterior  part  of  the  aorta.  In 
very  rare  instances,  the  right  vertebral  artery  arises  from  the  aorta, 
if  fon.SJ  '"'■-'^'k  f^^"^  f  not  unfreciuently  derived  from  the  aorta,  in  which  case 

-'-^-'^^^  --times  it 

found'  If  ari'itv"'  '""'''r'' ^^^^  "g^*  -'^'^"^^•^^  in  one,  have  been 
ebra  arteJv  L  L  T  '  '"'^''i       ■  '"^"^^  ''^^  ^^^"^P'*^      ♦^"•^e  ^oots  to  a  ver- 

proceed  from  Th^     ,  ^\       °"  ^'^^^^  Two  roots  may 

proceed  from  the  subclavian  artery,  or  one  from  the  subclavian  and  one  from  the 

of  ^rswT  n? If  ^  ^""^  °f  vertebra,  the  vertebral  arlcry 

of  one  side  not  unfrequcntly  onters  higher  up,  through  the  fonlmen  of  the  fifth,  or 
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tatcn^Tthe  sc'v^nt  vttbxt"''      ^^^^^'"^^  ^^^^^^  '^^  '^'^ 

^ranc/tes. -In  the  neck,  the  vertebral  artery  has  been  found,  tliough  very  rarely 

tfZl  "r'^"^  "^'"''"^  subclavian/such  as  tie  Bupe 

intercostal  and  the  inferior  thyroid,  bu^jchui 


BASILAR  AND  POSTERIOR  CEREBRAL  ARTERIES. 

The  basilar  artery,  the  single  trunk  formed  by  the  junction  of  the  right 
and  left  vertebral  in  the  middle  line,  extends  from  the  posterior  to  the 
anterior  border  of  the  pons  Varolii,  along  the  median  groove  of  which  it  lies 
under  cover  of  the  arachnoid.  The  length  of  this  artery  is  therefore  about 
equal  to  that  of  the  pons,  at  the  anterior  border  of  which  it  divides  into 
two  terminal  branches,  the  posterior  arteries  of  the  cerebrum. 

Branches. — Besides  numerous  small  branches  to  the  substance  of  the 
pons,  the  basilar  artery  gives  off  the  following  : — 

(a)  The  transverse  arteries,  several  on  eaeh  side,  pass  directly  outwards.  One,  the 
artei-y  of  (he  acoustic  nerve,  accompanies  that  nerve  into  the  internal  audi'toiy 
meatus  and  labyrinth  of  the  ear. 

(b)  The  anterior  inferior  cerebellar  arteries  pass  backwards,  one  on  each  side,  to 
the  anterior  part  of  the  under  surface  of  the  cerebellum,  anastomosing  with  the 
inferior  cerebellar  branches  of  the  vertebral  arteries. 

(c)  The  sxiperior  cerebellar  arteries  arise  so  close  to  the  bifurcation  of  the  basilar, 
that  this  artery  is  described  by  several  anatomists  as  dividing  into  four  branches. 
Each  one  turns  backwards  and  outwards  immediately  behind  the  third  nerve,  and 
entering  the  groove  between  the  pons  Varolii  and  the  cms  cerebri,  turns  round  the 
latter,  close  to  the  fourth  nerve,  to  reach  the  upper  surface  of  the  cerebellum,  where 
it  divides  into  branches.  Of  these  some  extend  outwards,  and  one  or  more  back- 
wards along  the  superior  vermiform  process,  to  reach  the  circumference  of  the  cere- 
bellum, where  they  anastomose  with  the  branches  of  the  inferior  cerebellar  arteries ; 
while  others  run  inwards  to  supply  the  vermifonn  process  and  the  valve  of  Vieussens, 
and  in  part  the  velum  interpositum. 

The  posterior  cerebral  artery  on  each  side,  resulting  from  the  division  of 
the  basilar,  passes  outwards,  parallel  to  the  superior  cerebellar  artery,  and 
separated  from  it  at  its  origin  by  the  third  nerve,  which  comes  forwards  be- 
tween the  two  vessels.  It  turns  backwards  round  the  crus  cerebri,  and  then 
runs  outwards  and  upwards  on  the  under  surface  of  the  posterior  lobe  of  the 
cerebrum,  passing  near  the  posterior  extremity  of  the  corpus  callosum.  It 
divides  beneath  the  posterior  lobe  into  many  branches,  which  ramify  upon 
the  under,  median,  and  outer  surfaces,  and  anastomose  with  the  other 
cerebral  arteries. 

Branches.— Immediately  after  its  origin  the  posterior  cerebral  artery  gives  off 
numerous  small  parallel  branches,  which  perforate  the  substance  of  the  brain  between 
the  crura,  at  the  point  which  is  called  from  this  circumstance  the  posterior  perforated 
spot.  As  it  turns  backwards,  a  short  distance  from  its  origin,  this  artery  is  joined 
by  the  posterior  communicating  artery,  and  in  this  way  contributes  as  already 
described  (p.  363)  to  form  the  circle  of  Willis.  Lastly,  the  posterior  cerebral  gives 
origin  to  a  small  branch,  the  posterior  choroid,  which,  arising  external  to  the  junction 
of  the  communicating  artery,  turns  backwards  over  the  crus  cerebri  and  the  tuber- 
cula  quadrigemina,  supplying  these  with  branches,  and  ending  in  the  velum  inter- 
positum and  choroid  plexus  in  the  interior  of  the  brain. 

Peculiarities. — Traces  of  a  septum  are  sometimes  found  in  the  interior  of  the 
basilar  artery.  (Davy,  "Researches,"  &c.,  vol.  i.  p.  30L)  This  trunk  has  also  been 
found  perforated  by  a  small  foramen,  owing  to  a  partial  Assuring  of  the  vessel  along 
the  median  line. 
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The  posterior  cerebral  artery  is  occasionally  given  off  on  one  side  from  the  internal 
carotid  artery. 

U.   THYKOID  AXIS. 

Tho  thyroid  axis  springs  from  the  fore  part  of  the  subclavian  artery, 
close  to  the  inner  side  of  the  anterior  scalenus  muscle.  It  is  a  short  thick 
trunk,  and  receives  the  name  of  "axis,"  because,  at  a  line  or  two  from  its 
origin,  it  divides  into  branches,  which  diverge  in  different  directions,  viz., 
the  inferior  or  ascending  thyroid,  the  suprascapular,  and  a  third  branch, 
which  is  either  the  transverse  cervical,  or  one  of  the  branches  into  which 
that  artery,  when  present,  divides,  viz. ,  the  superficial  cervical. 

Peculiarities. — The  thyroid  axis  has  been  known  to  arise  beyond  the  scalenus 
anticus  muscle.  It  may  be  associated  at  its  origin  with  another  branch;  thus,  it 
sometimes  gives  origin  to  the  internal  mammary,  and  has  been  known  to  give  origin 
to  the  vertebral,  superior  intercostal,  or  deep  cervical  arteries. 

1.  The  Inferior  Thyroid  Artery  passes  directly  upwards,  resting  on 
the  longus  colli  muscle,  and  after  a  short  course  bends  inwards  and  down- 
wards behind  the  sheath  of  the  large  cervical  vessels,  and  also  behind  the 
sympathetic  nerve  (the  middle  cervical  ganglion  of  which,  when  present, 
often  rests  upon  this  vessel).  The  artery  then  makes  another  curve  in  the 
opposite  direction,  and  is  distributed  to  the  under  part  of  the  thyroid 
body.  Its  branches  communicate  freely  with  those  of  the  superior  thyroid 
artery,  and  with  the  corresponding  artery  of  the  other  side. 

Branches. — (a)  The  ascending  cervical  branch  arises  at  the  point  where  the 
inferior  thyroid  turns  inwards  behind  the  carotid  artery ;  it  proceeds  upwards,  close 
to  the  phrenic  nerve,  on  the  line  of  separation  between  the  scalenus  anticus  and 
rectus  anticus  major,  giving  muscular  branches  to  both,  and  a  few  which  pass  trans- 
versely outwards  across  the  neck.  These  muscular  branches  communicate  with  others 
sent  outwards  from  the  vertebral  artery.  To  the  spinal  canal  the  ascending  cervical 
artery  sends  one  or  two  branches  [spinal  branches),  which  enter  the  intervertebral 
foramina  along  the  cervical  nerves,  and  assist  in  supplying  the  bodies  of  the  vertebrse, 
and  the  spinal  cord  and  its  membranes.  ' 

(b)  A  laiijnrjeal  branch  of  irregular  size  is  usually  supplied  by  the  inferior  thyroid 
artery ;  it  ascends  on  the  trachea  and  the  back  of  the  larynx,  and  is  distributed  to 
the  muscles  and  mucous  membrane  in  that  situation. 

(c)  Tracheal  branches  ramify  over  the  trachea,  and  anastomose  below  with  the 
bronchial  arteries. 

(cZ)  (Esophageal  branches  are  given  off,  and  one  or  more  descend  upon  the  trachea 
into  the  chest, 

_  Peculiarities.— 0?-2(7m.— The  inferior  thyroid  artery  occasionally  arises  as  an 
independent  branch  from  the  subclavian  artery,  and  rarely  from  the  common  carotid 
or  the  vertebral.  Instances  have  occurred- very  rarely,  however-of  the  presence  of 
two  mferior  thyroid  arteries,  one  passing  over  the  common  carotid  artery 

The  ascending  cervical  artery  is  occasionally  derived  from  the  subclavian  or  from 
one  of  the  branches  of  that  vessel,  as  from  the  transverse  cervical  or  the  suprascapular 
or  from  a  trunk  common  to  those  two  arteries.  It  is  sometimes  much  larger  than 
usual,  and  takes  the  place  of  the  occipital  artery.  A  branch  from  it  not  unfrequentiv 
compensates  for  the  small  size  of  the  deep  cervical  artery.  uuxrequeniiy 

2.  The  Suprascapular  Artery  (transverse  scapular,  or  transverse 
humeral  ,  a  smaller  vessel  than  the  transverse  cervical,  arises  almost 
constantly  from  the  thyroid  axis,  and  runs  from  within  outwards  deeply  at 
the  root  of  the  neck.  At  first  it  descends  obliquely  towards  the  clavicle, 
resting  upon  tho  scalenus  anticus,  and  covered  by  the  storno-mastoid 
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miisclo  ;  it  then  croasea  the  subclavian  artery,  and  continues  transversely 
outwards  behind  and  parallel  with  the  clavicle  and  subclavius  muscle, 
and  below  the  posterior  belly  of  the  omo-hyoid  muscle.  Approaching  the 
upper  margin  of  the  scapula,  under  cover  of  the  trapezius  muscle,  it  inclines 


Fig,  264. 


Fig.  264. — View  of 
TDK  Anastomoses 
OF  Arteiubs  on 
TUB  Shoulder 
AND  Dorsum  of 
THE  ScAi'nLA(from 
Tiedemann).  J 

a,  sterno-Diastoid 
muscle  ;  h,  trapezius 
turned  towards  the 
left  side  ;  c,  spleuius 
capitis,  and  below  it 
splenius  colli  ;  d, 
levator  auguli  sca- 
pulae ;    e,  serratus 
posticus  superior ;  /, 
rhomboideus  minor, 
and  ff,  rhomboideus 
major,  divided  from 
the  base  of  the  sca- 
pula ;  ^,  teres  major, 
i,  teres  minor ;  k, 
scapular  head  of  the 
triceps  brachii  ;  I, 
serratus  raagnus ;  v, 
deep  surface  of  the 
deltoid  muscle  turned 
down ;  o,  portion  of 
the  infraspinatus 
muscle  attached  to 
the  great  tuberosity 
of  the  humerus,  the 
rest  having  been  re- 
moved from  the  in- 
fraspinal  fossa  ;   1 , 
occipital  artery  ap- 
pearing between  the 
trapezius  and  sterno- 
mastoid  muscles ;  2, 
superficial  cervical 
branch  of  the  trans- 
verse cervical  artery  ; 
2',  2',  posterior  sca- 
pular artery  ;   2  -f- , 
its  supraspinous 
branch ;    3,  supra- 
scapular artery  ;  3', 
the  same  after  pass- 
ing through  the  sca- 
pular notch  into  the 
iufraspinous  fossa, 
where  it  anastomoses 

  with  4,  the  dorsal 

b.^ch  of  the  subscapular  ^vtery  ;  4'  ir^r^r 

some  of  the  descending  thoracic  branches  °f  ^^^J'^f  "/"'^^^  upwards  on  the 

:,.tery  emerging  ^^^^^^f,;^^^^^^^^^^  6,  anasto- 

tt'TSlWoZl  iJ^nXroSetpl-ascapulav  with  the  acromio-thora.c  artery. 
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downwards  with  the  suprascapuhir  nerve  towards  the  suprascapular  notch. 
At  this  point  the  nerve  usually  passes  beneath  the  ligament  stretched  across 
the  notch,  while  the  artery  more  frequently  turns  over  it  to  enter  the  supra- 
spinous fossa,  where,  lying  close  to  the  bone,  it  gives  off  branches  which 
ramify  in  the  fossa  beneath  the  supraspinatus  muscle,  and  sends  a  small 
communicating  branch  into  the  subscapular  fossa,  and  is  itself  continued 
down  into  the  iufraspinous  fossa. 

BRANoriKS. — (rt)  Muscular  branches  are  given  by  the  suprascapular  artery  to  the 
sterno-mastoiil  and  other  neigliboiiring  muscles. 

{h)  Tiie  mpra-acromial  branch  passes  obliquely  forwards  through  the  attachment 
of  the  trapezius  to  reach  the  cutaneous  surface  of  the  acromion,  on  which  it  ramifies, 
anastomosing  with  offsets  from  the  acromial  thoracic  artery. 

(c)  A  small  mhscapular  branch,  given  off  a.s  the  artery  passes  over  the  notch, 
anastomoses  with  the  posterior  scapular  and  subscapular  arteries  in  the  subscapular 
fossa  and  substance  of  the  subscapularis  muscle. 

(d)  An  infras2}inous  branch  is  continued  from  the  suprascapular  artery,  and 
descending  close  upon  the  nock  of  the  scapula,  between  the  glenoid  cavity  and  the 
spine  of  that  bone,  joins  with  the  dorsal  branch  of  the  subscapular  artery. 

((')  Branches  enter  the  bone  and  shoulder  joint. 

Peculiarities. — The  suprascapular  artery  has  in  some  cases  been  observed  to 
spring  directly  from  the  subclavian,  or  to  arise  from  that  vessel  by  a  common  trunk 
with  the  transverse  cervical,  or  more  rarely  with  the  internal  mammary.  It  has 
also  been  found  to  proceed  from  the  axiUary  artery,  and  from  the  subscapular  branch 
of  that  vessel. 

3.  The  Transverse  Cervical  Artery,  the  third  branch  of  the  thyroid 
axis,  passes  outwards  a  short  distance  above  the  clavicle,  and  therefore 
liigher  than  the  suprascapular  artery.  It  crosses  over  the  scaleni  muscles 
and  the  brachial  plexus,  sometimes  passing  between  the  nerves  of  the  latter, 
and  is  crossed  by  the  omo-hyoid  muscle.  Beneath  the  anterior  margin  of 
the^  trapezius,  and  near  the  outer  edge  of  the  levator  aiiguli  scapulae,  it 
divides  into  two  branches,  the  superficial  cervical  and  the  posterior 
scapular. 

The  superficial  cervical  artery  ascends  beneath  the  anterior  border  of  the 
trapezius,  and  distributes  branches  to  that  muscle,  the  levator  anguli  scapulfe, 
and  sterno-mastoid  muscles,  as  well  as  to  the  cervical  glands  and  the 
integuments  in  the  intervals  between  those  muscles.  When  the  posterior 
scapular  arises  separately  from  the  subclavian,  the  name  superficial  cervical 
may  be  given  to  the  whole  remaining  part  of  tlie  transverse  cervical  artery 

The  posterior  scapular  artery,  whether  arising  from  the  transverse  cervicid 
artery  or  directly  from  the  subclavian,  passes  backwards  to  the  upper  anale 
of  the  scapula,  under  cover  of  the  levator  anguU  scapute,  and  then  chan<.ina 
Its  direction,  runs  downwards  beneath  the  rhomboidei  muscles,  as  far  as°the 
infenor  angle  of  that  bone.  It  anastomoses  freely  on  both  surfaces  of  the 
scapula  with  the  divisions  of  the  suprascapular  and  subscapular  arteries  ; 
and  supplies  branches  to  the  rhomboiJei,  serratus  magnus,  and  latissimus 
dorsi  muscles,  communicating  at  the  same  time  with  the  posterior  muscular 
blanches  of  some  of  the  intercostal  arteries. 

prc^srnr;irvaSron°f  f^'  ^'""T'''"  ^^^''-'^l  branch  of  the  thyroid  axis 

dcHved  from  L7l  t     ,  ««c'^«ionally  happens  that  the  vcs,scl 

div  des  nearThe  Ivl'     "^l  "''''\  of  the  subclavian 

aiviacs  near  the  levator  anguli  scapuli«  iuto  two  branches,  of  which  one  ascends  and 
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represents  the  remaining  and  larger  portion  of  the  superficial  cervical  artery,  while 
the  other  forms  the  posterior  scapular. 

The  transverse  cervical  artery  is  sometimes  derived  directly  from  the  subclavian, 
beneath  or  even  beyond  the  scalenus  anticus  muscle.  The  transverse  cervical  some- 
times gives  ofl  the  ascending  cervical  artery. 

When  the  siqm-Jkkd  cervical  is  separated  from  the  posterior  scapular,  it  sometimes 
arises  from  other  sources  than  the  thyroid  axis,  as  from  the  suprascapular  or  the 
subclavian  artery. 

in.   INTERNAL  MAMMARY  ARTERY. 

The  internal  mammary  artery,  remarkable  for  its  length  and  the  number 
of  its  branches,  arises  from  the  under  side  of  the  subclavian,  opposite  the 
thyroid  axis.  It  runs  forwards  and  downwards  behind  the  clavicle  to  the 
inner  surface  of  the  cartilage  of  the  first  rib,  lying  between  this  and  the  sac 
of  the  pleura  :  from  this  point  it  iucliues  a  little  inwards,  and  then  descends 
vertically  behind  the  costal  cartilages,  a  short  distance  from  the  border  of 
the  sternum,  as  far  as  to  the  interval  between  the  sixth  and  seventh 
cartilages,  where  it  ends  by  dividing  into  two  branches.  One  of  the 
branches  into  which  the  artery  divides,  musculo-phrenic,  inclines  outwards 
along  the  margin  of  the  thorax  ;  while  the  other,  under  the  names  of 
abdominal  or  superior  epigastric,  continues  onwards  to  the  abdomen  in  the 
original  direction  of  the  trunk. 

Covered  at  its  origin  by  the  internal  jugular  vein,  like  the  other  large 
branches  of  the  subclavian  artery,  the  internal  mammary  soon  passes  behind 
the  subclavian  vein,  and  is  crossed  in  front  by  the  phrenic  nerve  which  lies 
between  the  vein  and  the  artery.  In  the  chest  it  has  the  costal  cartilages 
and  the  internal  intercostal  muscles  in  front,  and  lies  at  first  upon  the 
j)leiu-a  ;  but  lower  down  it  is  separated  from  the  pleura  by  the  triangularis 
sterui  muscle.  This  artery  has  two  companion  veins,  which  are  united  into 
a  single  trunk  at  the  upper  part  of  the  chest. 

BRANcnKS. — The  branches  of  this  artei^  are  numerous,  and  are  distributed  chiefly 
to  the  walls  of  the  chest  and  abdomen. 

(rt)  The  superior  plm-enic  or  comes  nervi  pJirenici,  a  very  slender  but  long  branch, 
arises  high  in  the  chest,  and  descends  with  the  phrenic  nerve,  between  the  pleura  and 
the  pericardium,  to  the  diaphragm,  in  which  it  is  distributed,  anastomosing  with 
offsets  from  the  musculo-phrenic  and  with  the  inferior  phrenic  arteries  from  the  ab- 
dominal aorta. 

(b)  The  mediastinal  or  thymic  branches,  of  very  small  size,  ramify  in  the  loose  con- 
nective tissue  of  the  mediastinal  space,  and  supply  the  remains  of  the  thymus  body, 
which,  when  in  full  development,  receives  its  principal  branches  from  the  internal 
mammary  artery.  Pericardiac  branches  are  given  oflT  directly  to  the  upper  part  of 
the  pericardium,  the  lower  part  of  which  receives  some  from  the  musculo-phrenic 
division.  Branches  named  sternal  are  also  supplied  to  the  triangularis  sterni  muscle, 
and  to  both  surfaces  of  the  sternum. 

(c)  The  anterior  intercostal  arteries,  two  in  each  space,  arise  from  the  internal 
mammary,  either  separately,  or  by  a  trunk  common  to  the  two,  which  soon  divides. 
The  arteries  pass  outwards,  at  first  between  the  pleura  and  the  internal  intercostal 
muscles,  and  afterwards  between  the  two  layers  of  intercostals ;  they  lie,  one  near 
the  upper  and  one  near  the  lower  rib,  in  each  of  the  upper  five  or  six  intercostal 
spaces,  and  inosculate  with  the  corresponding  intercostal  branches  derived  from  the 
aortic  intercostals.  These  branches  supply  the  intercostal  and  pectoral  muscles,  and 
give  some  offsets  to  the  mamma  and  integument. 

(d)  The  anterior  or  paforulin;/  branches  pass  forwards  from  the  internal  mammary 
artery  through  from  four  to  six  intercostal  spaces,  and  turning  outwards  ramify 
partly  ia  the  pectoralis  major,  aud  partly  in  the  integument  on  the  front  of  the  chest. 


INTEENAL  MAMMARY  ARTERY. 


376 


Those  placed  nearest  to  the  mammary  gland  supply  that  organ,  and  in  the  female 
they  are  of  comparatively  large  size,  especially  during  lactation.  Bome  offsets  ramify 
on  the  sternum. 


Fig.  265. 


Fig.  265— Dissection  op  the  manT  side 

OP  THE  ANTERIOR  TnOKACIO  AND  AB- 
DOMINAL Wall,  to  show  the  Anasto- 
moses op  the  Internal  Mammary, 
Intercostal,  and  Epioastrio  Vessels 
(slightly  altered  from  Tiedemann).  ~ 

The  pectoral  part  of  the  serratus  mag- 
nus,    the    external    and    internal  ob- 
lique, and  the  rectus  abdominis  muscles, 
have  been  removed  ;  1,  upon  the  subclavius 
muscle,  points  to  the  first  part   of  the 
axillary  artery  above  the  pectoralis  minor 
muscle,  giving  rise  to  the  acroraio-thoracic 
artery,  which  is  cut  short ;   2,  upon  the 
pectoralis  minor,  points  to  the  lower  part 
of  the  axillary  artery  and  vein  ;  3,  the 
long  thoracic  artery  ;  4,  on  the  cartilage  of 
the  first  rib,  marks  the  upper  part  of  the 
internal  inammaiy  artery ;  4',  the  lower 
part  of  the  same  artery  giving  its  abdominal 
brauch  behind  the  cartilage  of  the  seventh 
rib;  5,  in  the  fourth  intercostal  space, 
marks  the  anastomosis  of  the  internal 
mammary  and  intercostal  arteries  ;  6, 
anterior  branches  of  the  internal  mam- 
mary artery  ramifying  over  the  front  of  the 
sternum ;  7,  on  the  transversalis  muscle 
immediately  above  the  internal  inguinal 
aperture,  points  to  the  last  part  of  the  ex- 
ternal iliac  artery,  from  which  are  seen 
rising,  8,  the  deep  epigastric  artery,  and 
9,  the  deep  circumflex  iliac  ;  10,  the  anas- 
tomosis of  the  epigastric  with  the  abdomi- 
nal  branch  of  the  internal  mammary 
artery ;  11,  the  spermatic  cord  and  sper- 
matic twig  of  the  epigastric  artery ;  12, 
the  femoral  artery  giving  small  twigs  to 
the  groin  and  the  superficial  pudic  vessels  ; 
13,  the  femoral  vein ;   14,  a  lymphatic 
gland  closing  the  femoral  ring. 


(e)  The  museulo-pKrenic  artery,  the 
outer  of  the  two  branches  into  which  the 
internal  mammary  artery  divides,  in- 
clines downwards  and  outwards  behind 
the  cartilages  of  the  false  ribs,  perforating 
the  attachment  of  the  diaphragm  at  the 
eighth  or  ninth  rib,  and  becoming  gra- 
dually reduced  in  size  as  it  reaches  the 
last  intercostal  space.  It  gives  branches 
backwards  into  the  diaphragm;  others 
which  pass  outwards  to  form  the  anterior 
intercostals  of  each  space,  and  are  dis- 

,    nu  aiterwards,  entering  the  muscle,  terminates  in  its  substance,  at 
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the  same  tunc  anastomosing  with  the  epigastric  artery.  It  also  supplies  twigs  to  the 
broad  muscles  of  the  belly,  to  the  skin,  and  to  the  diaphragm  ;  and  one  runs  forwaids 
upon  the  side  and  front  of  the  xiphoid  cartilage,  where  it  anastomoses  with  that  of 
the  opposite  side. 

PEOULiAniTiEs.— The  internal  mammary  is  occasionally  found  connected  at  its 
origin  with  the  thyroid  axis,  or  with  the  scapular  artcrles-thcse  being  detached 
from  the  thyroid.  It  occasionally  springs  from  the  second  or  third  part  of  the  sub- 
clavian artery  (the  latter  being  the  more  frequent  position  of  the  two).  In  very  rare 
instances  it  has  been  found  arising  from  the  axillary,  the  innominate,  or  the  aorta. 

An  unusual  branch,  of  considerable  size,  occasionally  comes  off  from  it,  and  passes 
downwards  and  outwards,  cro.ssing  several  of  the  ribs,  on  their  inner  surface,  in 
contact  with  the  pleura.  The  internal  mammary  artery  may  likewise  furnish  a 
bronchial  branch. 


IV.   SUPERIOR  INTERCOSTAL  AND  DEEP  CERVICAL  ARTERIES. 

The  superior  intercostal  artery  generally  arises  from  the  upper  and 
back  part  of  the  subchivian,  behind  the  anterior  scalenus  muscle  on  the  right 
side,  and  immediately  at  the  inner  side  of  the  muscle  on  the  left  side. 
Taking  its  course  backwards,  it  speedily  gives  off  the  deep  cervical  branch 
(profunda  cervicis),  and  bending  backwards  and  downwards  in  front  of  the 
neck  of  the  first  rib,  ends  in  one  or  two  intercostal  spaces  :  on  the  right 
side  it  more  frequently  descends  into  the  second  space  than  on  the  left  side. 
On  the  neck  of  the  first  rib,  the  artery  is  situated  on  the  outer  side  of  the 
first  dorsal  ganglion  of  the  sympathetic  nerve. 

Branches. — Besides  giving  olF  the  deep  cervical  artery,  the  superior  intercostal 
gives  branches  to  the  first  and  second  intercostal  spaces.  The  branch  to  the  first 
space  is  similar  in  course  and  distribution  to  the  aortic  intcrcostals  :  that  to  the 
second  space  usually  joins  with  one  from  the  first  aortic  intercostal.  A  small  offset  is 
likewise  sent  backwards,  through  the  first  space,  to  the  posterior  spinal  muscles,  and 
also  a  small  one  through  the  corresponding  intervertebral  foramen  to  the  spinal  cord 
and  its  membranes. 

Peculiarities. — Origin. — The  superior  intercostal  artery  has  been  found,  in  a  few 
instances,  to  proceed  from  the  vertebral  artery  or  from  the  thyroid  axis. 

Course.— It  has  been  observed  to  pass  between  the  necks  of  one  or  two  ribs  and  the 
corresponding  ti-ansverse  processes  of  the  dorsal  vertebrae ;  and  a  case  has  been 
recorded  in  which,  after  arising  from  the  vertebral  artery,  it  descended  through  the 
intertransverse  foramen  of  the  last  cervical  vertebra,  and  then  continued,  as  in  the 
instances  just  mentioned,  between  the  necks  of  the  ribs  and  the  contiguous  trans- 
verse processes  of  the  vertebra;  of  the  back.  (Quain  on  the  Arteries,  plate  22,  fig.  5.) 
The  intercostal  artery  is  sometimes,  though  very  rarely,  wanting. 

The  deep  cervical  artery,  often  described  as  a  separate  branch  of  the 
Biibclavian  artery,  arises  in  most  cases  from  the  superior  intercostal.  Re- 
sembling the  posterior  branch  of  Jin  aortic  intercostal  artery,  it  generally 
passes  backwards  in  the  interval  between  the  transverse  process  of  the  last 
cervical  vertebra  and  the  first  rib,  to  reach  the  posterior  aspect  of  the  neck. 
Here  it  ascends  in  the  interval  between  the  transverse  and  spinous  processes, 
as  high  as  the  second  vertebra,  under  cover  of  the  coniplexus  muscle, 
between  this  and  the  semi-spin  alis  colli.  Some  of  the  branches  communi- 
cate with  those  given  outwards  by  the  vertebral  artery,  whilst  others 
ascend  to  anastomose  with  the  cervical  branch  of  the  occipital  artery. 

Peculiarities. — Oricjin. — The  deep  cervical  artery  sometimes  arises  from  the  sub- 
clavian, and  more  rarely  from  the  posterior  scapular.  It  is  not  unfrequently  supple- 
mented by  a  branch  turning  backwards  from  the  ascending  cervical  artery  beneath 
the  transverse  process  of  the  third  cei-vical  vertebra,  or  by  another  branch  from  the 
superior  intercostal,  or,  in  some  iuatauces,  by  a  twig  from  the  posterior  scapular  or 
inferior  tiiyroid  arteries. 
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Course.— This  artery  occasionally  passes  back  between  the  sixth  and  seventli 
cervical  vertebne,  and  sometimes  between  tlie  fir.-t  and  second  dorsal,  or  even  below 
the  second.  It  has  been  seeu  to  pass  between  the  first  rib  and  the  transverse  process 
which  supports  it. 

AXILLARY  ARTERY. 

The  axaiary  artery,  that  part  of  the  artery  of  the-  upper  limb  which 
iutervenes  between  the  subclaviau  and  the  brachial  portions,  extends  from 
the  outer  border  of  the  first  rib  to  the  lower  margin  of  the  tendons  of  the 
latissimus  dorsi  and  teres  major  muscles.  In  this  course  it  passes  throiigli 
the  axilla,  and  its  direction  varies  with  the  position  of  the  limb,  being 
curved  downwards,  or  upwards,  or  being  straight,  according  as  the  arm 
hangs  by  the  side,  or  is  elevated,  or  extended. 

In  front,  the  axillary  artery  is  covered  by  the  pectoralis  major  muscle, 
behind  which  it  is  crossed  by  the  pectoralis  minor.  It  may  be  conveniently 
divided  into  three  parts  :  the  first  part  lying  internal  to  the  pectoralis 
minor  muscle,  and  resting  on  the  thoracic  wall  ;  the  second  part  beldud 
that  muscle,  and  passing  from  the  thorax  towards  the  shoulder  ;  the  thii-d 
part  beyond  the  muscle,  and  resting  on  the  humerus. 

In  the  first  part  of  its  com-se  the  vessel  is  in  contact  with  the  serratus 
magnus  muscle  on  its  inner  side,  and  is  covered  by  the  costo-coracoid  mem- 
brane, which,  attached  above  to  the  clavicle,  is  continued  below  into  a 
common  sheath  investing  the  artery  and  vein,  and  completed  behind  by  a 
prolongation  of  the  deep  cervical  fascia.  In  this  part  of  its  course  the 
artery  is  placed  with,'  the  trunks  of  the  brachial  plexus  above  and  behind  it, 
and  the  axillary  vein  in  front  of  it  and  somewhat  nearer  the  thorax  :  it  is 
also  crossed  by  the  cephalic  and  acromio-thoracic  veins  as  they  dip  down  to 
terminate  in  the  axillary  vein. 

In  the  second  part  of  its  course,  behind  the  pectoralis  minor,  the  axillary 
artery  is  completely  surrounded  by  the  trunks  of  the  brachial  plexus,  and 
it  ia  crossed  iu  front  by  one  of  the  roots  of  the  median  nerve  :  the  vein  is  on 
the  thoracic  side  of  the  artery,  separated  from  it  by  nerves. 

In  the  third  part  of  its  course,  beyond  the  pectoralis  minor,  the  axillary 
artery  rests  on  the  subscapular  muscle  and  the  insertions  of  the  latissimus 
dorsi  and  teres  major,  wliile  to  the  outer  side  is  the  coraco-brachialis  muscle. 
The  axillary  vein  is  still  on  the  thoracic  side,  but  sometimes  the  vense 
comites,  by  whose  union  it  is  formed,  are  continued  up  to  this  level,  one  on 
each  side  of  the  artery.  The  main  branches  resulting  from  the  division  of 
the  brachial  plexus  of  nerves  are  disposed  behind  and  on  each  side  of  this 
part  of  the  artery,  as  follows,  viz.,  behind  it,  the  circumflex  and  musculo- 
spiral ;  to  its  inner  side,  the  ulnar  and  th©  two  internal  cutaneous  ;  to  the 
outer  side,  the  external  cutaneous  and  median.  The  external  cutaneous 
and  the  circumflex  nerves  leave  the  artery  iu  the  axilla,  and  at  the  lower 
part  of  the  axilla  the  median  nerve  is  often  before  the  vessel ;  in  an  opera- 
tion, that  nerve  might  serve  as  a  guide  to  the  position  of  the  artery,  for  it 
could  be  distinguished  from  the  other  large  nerves-  (ulnar  and  musculo- 
spiral)  by  the  circumstance  of  its  being  the  nearest  to  the  pectoral  muscle. 
Beyond  the  border  of  the  pectoralis  major,  the  artery  is  covered  only  by 
the  skin  and  fascia  on  the  inner  side  ;  and  here  the  flow  of  blood  may  be 
controlled  by  pressure  of  the  finger  directed  outwards  against  the  humerus. 

Branches. — The  branches  of  the  axillary  artery  coufist  of  the  external 
thoracic  branches  furnished  to.  the-  muscles  of  the  chest,  the  subscapular 
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Fig.  266. — Deep  View  of  the  Cakotid,  Subclavian,  and  Axillary  Arteries  (from 

Tiedemann).  ^ 

The  great  pectoral,  the  sterno-mastoici,  and  the  sterno-hyoid  and  sterno-thyroid  muscles 
Iiare  been  removed  ;  the  front  part  of  the  deltoid  has  been  divided  near  the  clavicle  :  the 
greater  part  of  tiie  digastric  muscle  has  been  removed,  and  the  upper  part  of  the  splenius 
capitis  and  trachelo-mastoid  divided  near  the  mastoid  process.  Suhclavian  Artery  and 
its  Branches. — 1,  First  or  inner  part  of  the  subclavian  artery  giving  rise  to  the  tliyroid 
axis  and  internal  mammary,  and  also  to  -)-,  the  vertebral  artery  ;  2,  third  part  of  the 
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«ubclavian  artery  outside  the  scalenus  anticus  muscle  ;  3,  first  part  of  the  axillary  artery 
giving  rise  to  the  acromial  thoracic,  short  thoracic,  &c. ;  4,  third  port  of  the  axillary  artery 
giving  rise  to  the  subscapular,  circumflex,  &c.  ;  5,  commencement  of  the  brachial  artery  ; 
6,  transverse  superficial  cervical  artery  ;  C,  placed  on  the  scalenus  aiiticus  muscle,  marks 
the  ascending  superficial  cervical  branch  ;  7,  posterior  scapular  artery  arising  from  the  sub- 
clavian artery  behind  the  scalenus  anticus  muscle  and  separate  from  the  thyroid  axis  ;  8, 
acromial  branches  of  the  acromial  thoracic;  9,  pectoral  branches  of  the  same  ;  10,  long 
thoracic  artery  outside  the  pectoralis  minor  muscle;  +,  posterior  circumflex  branch 
of  the  axillary  artery  (the  anterior  circumflex  is  seen  rising  from  the  opposite  side  of  the 
same  part  of  the  axillary  trunk)  ;  11,  subscapular  artery  passing  between  the  subscapularis 
and  teres  minor  muscles  to  proceed  to  the  lower  angle  and  dorsum  of  the  scapula  ;  12, 
thoracic  descending  branch  of  the  subscapular  artery.  Carotid  A  rtery  and  Us  Branches.  — 
13,  lower  part,  and  M,  upper  part  of  the  right  common  carotid  artery  ;  15,  trunk  of  the 
external  carotid  artery  brought  fully  into  view  by  the  removal  of  the  digastric  muscle ; 
16,  trunk  of  the  internal  carotid  artery  ;  17,  17,  the  thyroid  axis  of  the  subclavian 
artery,  and  the  inferior  thyroid  artery  where  it  is  distributed  in  the  gland  ;  18,  superior 
thyroid  artery  anastomosing  in  the  gland  with  the  inferior  thyroid ;  1 9,  lingual  artery 
brought  into  view  by  the  removal  of  the  lower  part  of  the  hyoglossus  muscle  ;  20,  facial 
artery  giving  oflt  the  palatine,  tousillar,  and  submental ;  21,  inferior  labial  ;  22,  coronary 
artery ;  23,  occipital  artery ;  24,  posterior  auricular  artery  ;  25,  superficial  temporal 
artery  ;  26,  internal  maxillary  artery  ;  27,  transverse  facial  given  off  in  this  instance 
directly  by  the  external  carotid  artery. 

braucli  to  the  shoulder,  aud  the  anterior  and  posterior  circumflex  branches 
to  the  upper  part  of  the  arm.  Tlie  branches  are  not  constant  in  their 
number,  size,  or  mode  of  origin. 

External  Thoracic  Branches. — These  branches  vary  much  in  number; 
but,  after  the  method  of  Haller,  four  are  usually  described. 

1.  The  superior  thoracic  artery  (thoracica  suprema),  a  branch  of  incon- 
siderable size,  arises  at  a  point  internal  to  the  pectoralis  minor  muscle,  and 
inclines  downwards  and  inwards  across  the  first  two  intercostal  spaces, 
anastomosing  with  the  internal  mammary  and  intercostal  branches  contained 
in  them,  and  terminates  between  the  pectoral  muscles. 

2.  The  acromial  thoracic  artery  (art.  thoracica  humeraria),  of  considerable 
size,  and  by  far  the  most  constant  of  the  thoracic  branches  of  the  axillary, 
arises  from  its  forepart  at  the  inner  border  of  the  pectoralis  minor  muscle, 
and  soon  divides  into  branches  which  take  different  directions. 

(a)  The  acromial  branches  pass  partly  to  the  deltoid  muscle  and  partly  to  the 
upper  surface  of  the  acromion,  and  aaastomose  with  the  suprascapular  and  posterior 
circumflex  arteries. 

{b)  The  humeral  branch  passes  down  in  the  interval  between  the  pectoralis  major 
and  deltoid  muscles,  accompanying  the  cephalic  vein. 

(c)  The  thoracic  branches  are  distributed  to  the  serratus  magnus  and  pectoral 
muscles,  and  anastomose  with  the  other  thoracic  arteries. 

{d)  The  clavicular  branch,  very  small,  passes  inwards  to  the  subclavius  muscle. 

3.  The  long  thoracic  or  external  mammary  artery  is  directed  downwards  and 
inwards,  along  the  lower  border  of  the  pectoralis  minor,  and  is  distributed 
to  the  mamma,  and  to  the  serratus  and  pectoral  muscles,  and  anastomoses 
with  the  external  branches  of  the  intercostal  arteries. 

4.  The  alar  thoracic  branch  is  a  very  small  vessel  and  not  constant, 
being  frequently  wanting,  and  having  its  place  supplied  by  branches  from  the 
thoracic  and  subscapular  arteries.  It  is  distributed  to  the  lymphatic  glands 
and  the  fatty  tissue  in  the  axilla. 

Subscapular  Artery.— This  branch,  the  largest  given  off  by  the  axillary 
artery,  arises  close  to  the  lower  border  of  the  subscapular  muscle,  along 
which  it  proceeds  downwards  and  backwards,  towards  the  inferior  angle  of 
the  scapula,  accompanied  by  the  subscapular  nerve  ;  and  it  terminates  in 
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branches  to  the  subscapularia,  serratus  magnus,  teres  major  and  latissimus 
dorsi  muscles.  It  ■  soon  becomes  considerably  diminished  in  size,  owing  to 
its  givmg  off  a  large  branch  to  the  dorsum  of  tlie  scapula.  Its  final  ramifi- 
cations anastomose  with  one  another  and  with  the  branches  of  the  posterior 
scapular  artery. 

The  dorsal  branch  {dorsalis  scapulcn)  turns  back  from  the  subscapular 
artery,  about  an  inch  and  a  half  from  its  origin,  and  is  sometimes  larger 
than  the  continuation  of  the  vessel.  Descending  along  the  lower  border  of 
the  scapula,  it  passes  through  the  interval  bounded  internally  by  the  sub- 
scapularis  and  teres  minor,  externally  by  the  latissimus  dorsi  and  teres 
major,  and  superiorly  by  the  long  head  of  the  triceps  muscle  ;  and  turning 
closely  round  the  border  of  the  scapula,  which  is  frequently  grooved  to 
receive  it,  passes  between  the  teres  minor  and  the  bone,  and  ramifies  in 
the  infraspinous  fossa,  where  it  anastomoses  with  the  suprascapular  and 


Fig.  267.  —  View 
OF  THE  Arteries 
which  ramify  and 
anastomose  on  the 
Ventral  Surface 
OF  THE  Scapula, 

AND  OP  THE  An- 
TliRIOR  CiRCUSI- 

FLEx  Artery  (from 
R.  Quaiu).  ^ 

a,  coracoid  process ; 

b,  tendon  of  the  long 
head  of  the  biceps 
muscle  emerging  from 
the  bicipital  groove  ; 

c,  the  front  of  the 
capsular  ligament  of 
the  shoulder-joint ;  d, 
tendon  of  the  latissi- 
mus dorsi  muscle  ;  e, 
teres  major ;  1,  supra- 
scapular artery  de- 
scending to  the  supra- 
scapular notch,  over 

the  ligament  of  which  the  larger  part  of  the  artery  passes  into  the  supraspinous  fossa  ; 
A,  A',  the  axillary  and  brachial  artery  ;  1',  its  subscapular  branch  passing  through  the 
notch  and  ramifying  in  the  subscapular  fossa  ;  2,  2,  posterior  scapular  artery  descending 
parallel  to  the  base  of  the  scapula ;  2',  its  subscapular  branches  ;  3,  main  stem  of  the 
subscapular  artery  at  its  origin  fiom  the  axillary  and  continuation  towards  the  dorsum  of 
the  scapula  ;  3',  the  branch  to  the  ventral  surface  of  the  scapula  proceeding  to  anasto- 
mose with  the  subscapular  branches  of  the  suprascapular  and  posterior  scapular  arteries  ; 
4,  descending  or  thoracic  branch  of  the  subscai^ular  artery  ;  5,  anterior  circumflex  artery  ; 
6,  posterior  circumflex  passing  back  through  the  quadrilateral  muscular  space. 

The  dorsalis  scapulas  gives  off, — (a)  ventral  branches,  slender  vessels  which 
ramify  in  the  subscapular  fossa  between  the  subscapular  muscle  and  the  bone,  and 
anastomose  with  twigs  from  the  suprascapular  and  posterior  scapular  arteries  ; 
(6)  branches  to  the  teres  muscles,  and  particularly  a  twig  which  descends  between 
their  origins ;  (c)  terminal  branches  in  the_infraspinous  fossa. 

Circumflex  Arteries, — The  posterior  circumflex  artery,  a  considerable 
vessel  but  smaller  than  the  subscapular,  aiises  opposite  the  lower  border  of 
the  subscapular  muscle,  below  the  subscapular  artery,  and  is  directed  back- 


posterior  scapular  arteries. 

Fig.  267. 
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wards  in  company  with  the  circumflex  nerve,  passing  through  the  space 
between  the  teres  muscles,  the  humerus,  and  the  long  head  of  the  triceps 
muscle,  and  therefore  separated  by  the  long  head  of  the  triceps  from  the 
subscapxxlar  artery.  It  winds  round  the  humerus,  and  terminates  by  rami- 
fying in  the  deltoid  muscle  and  on  the  shoulder-joint,  and  by  anastomosing 
with  the  anterior  circumflex  and  suprascapular  arteries,  as  well  as  with  the 
acromial  thoracic. 

The  anterior  circumflex,  much  smaller  than  the  posterior  circumflex, 
arises  nearly  opposite  to  it  or  lower  down,  and  from  the  outer  side  Of  the 
axillary  artery.  It  passes  from  within  outwards  and  forwards,  under  the 
inner  head  of  the  biceps  and  the  coraco-brachialis  muscle,  resting  on  the  fore 
part  of  the  humerus,  until  it  reaches  the  bicipital  groove.  There  it  divides 
into  two  branches,  one  of  which  ascends  in  the  groove  Avith  the  long  head 
of  the  biceps,  to  the  head  of  the  bone  and  the  capsule  of  the  joint ;  the 
other  continues  outwards,  and  anastomoses  with  the  posterior  circumflex 
branch. 

Peouliarities. — The  most  important  peculiarity  in  the  trunk  of  the  axillary  artery 
consists  in  its  giving  off  a  much  larger  branch  than  usual,— an  arrangement  which 
has  been  observed  in  the  proportion  of  one  out  of  every  ten  cases.  In  one  set  of 
cases,  this  large  branch  forms  one  of  the  arteries  of  the  fore-arm ;  most  frequently 
the  radial  (about  1  in  33),  sometimes  the  ulnar  (1  in  72),  and,  rarely,  the  interosseous 
artery  (1  in  506  :  R.  Quain).  In  another  set  of  cases,  the  large  branch  gives  origin  to 
the  subscapular,  the  two  circumflex,  and  the  two  profunda  arteries  of  the  arm ;  but 
sometimes  only  one  of  the  circumflex,  or  only  one  of  the  deep  humeral  arteries,  arises 
from  it.  In  the  second  class  of  cases  the  divisions  of  the  brachial  plexus  of  nerves 
surround  the  common  trunk  of  the  branches  instead  of  the  main  vessel.  This  dis- 
position may  with  probability  be  explained  by  supposing  that  the  trunk  of  the  branches 
is  the  true  brachial  artery,  but  that  in  early  life  it  has  become  obstructed  below,  and 
that  there  has  become  developed  in  its  place,  as  an  apparent  brachial  artery  for  the 
supply  of  the  lower  portions  of  the  limb,  a  vas  aberrans,  such  as  is  sometimes  seen 
arising  from  the  brachial  artery,  and  uniting  with  one  of  its  branches. 

The  superior  thoracic  artery  is  so  frequently  given  off  by  the  acromio-thoracic,  that 
some  anatomists  have  described  that  as  the  normal  arrangement,  giving  the  com- 
mon trunk  the  name  of  thoracic  axis.  The  long  thoracic  artery  often  arises  from  the 
acromial  thoracic,  or  is  replaced  by  enlargement  of  the  normal  branches  of  that 
artery,  and  not  unfrequently  is  given  off  by  the  subscapular. 

The  dorsalis  scapulae  sometimes  springs  directly  from  the  axillary  artery. 

The  posterior  circumflex  artery  is  sometimes  removed  from  the  axillary  to  the 
superior  profunda  branch  of  the  brachial,  in  which  case  it  ascends  behind  the  tendons 
of  the  latissimus  dorsi  and  teres  major.  In  another  class  of  cases  not  quite  so 
numerous,  the  posterior  circumflex  gives  off  one  or  more  branches  usually  derived 
from  other  sources:  as  for  example  (placing  them  in  the  order  of  frequency),  the 
anterior  circumflex,  the  superior  profunda,  the  dorsal  scapular,  the  anterior  circum- 
flex and  superior  profunda  together,  or  some  other  rarer  combination  of  those 
vessels.  The  posterior  circumflex  is  sometimes  double ;  and  so  is  the  anterior,  but 
more  seldom, 

BRACHIAL  ARTERY. 
The  brachial  or  humeral  artery,  the  continuation  of  the  axillary,  extends 
from  the  lower  border  of  the  posterior  fold  of  the  axilla,  to  about  a  finger's 
breadth  below  the  bend  of  the  elbow,  or  to  a  point  opposite  the  neck  of  the 
radius,  where  it  divides  into  the  radial  and  ulnar  arteries.  The  vessel 
gradually  inclines  from  the  inner  side  to  the  fore  part  of  the  limb,  lyin--  in 
the  depression  along  the  inner  border  of  the  coraco-brachialis  and  biceps 
muscles  ;  and  its  direction  may  be  marked  out  by  a  line  drawn  from 
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uiidvvay  betweeu  the  fol.ls  of  the  axilla  to  the  middle  poiut  betweea  the 
condyles  of  the  humerus.  To  commaud  the  flow  of  blood  through  the 
artery  at  its  upper  part,  pressure  should  be  directed  outwards,  while  over 
the  lower  end  of  the  vessel  the  pressure  should  be  made  from  before 
backwards. 

The  brachial  arteiy  lies  beneath  the  integument  and  fascia  of  the  arm  as 
far  as  the  bend  of  the  elbow,  where  it  sinks  deeply  in  the  interval  betweeu 
the  pronator  teres  and  supinator  lougus  muscles,  and  is  covered  by  the 
hbroas  expansion  given  from  the  tendon  of  the  biceps  to  the  fascia  of  the 
fore-arm.  It  rests  at  first  on  the  long  head  of  the  triceps  muscle,  the 
musculo-spiral  nerve  and  the  superior  profunda  artery  intervening  ;  it  then 
inclines  forwards  over  the  insta-tion  of  the  coraco-brachialis  muscle,  and  lies 
thence  to  its  termination  on  the  brachialis  anticus.  At  its  outer  side  it  is 
in  apposition  first  with  the  coraco-brachialis,  and  afterwards  and  for  the 

Fig.  263. 


Fig.  263. — Dissection  op  the  Axilla  And  Insidb  op  the  Arm  to  show  the 
Axillary  and  Brachial  Vessels  (from  E.  Quain).  ^ 

The  greater  and  lesser  pectoral  muscles  have  been  divided  so  as  to  expose  the  axillary 
vessels  :  a,  the  inserted  portion  of  the  pectoralis  major  ;  b,  the  pectoral  portion  ;  1,1, 
axillary  artery  ;  + ,  + ,  the  median  nerve  formed  by  the  two  portions  of  the  plexus  which 
surround  the  artery  ;  1',  placed  on  a  part  of  the  sheath  of  the  brachial  vessels,  and  1",  on 
tbe  lower  paii;  of  the  biceps  muscle,  point  to  the  brachial  artery  surrounded  by  its  vente 
comites  ;  2,  2,  axillary  vein ;  3,  3,  the  basilic  vein  ;  the  upper  figure  is  placed  on  the 
triceps  muscle,  the  lower  on  the  fascia  near  the  junction  of  the  ulnar  vein  :  on  the  basilic 
vein  are  seen  the  ramifications  of  the  internal  cutaneous  nerve  ;  4,  on  the  deltoid  and  4', 
on  the  clavicular  part  of  the  great  pectoral  muscle,  mark  the  cephalic  vein  joining  the 
acromio-thoracic  and  through  it  the  axillary  vein  ;  5,  5,  placed  on  the  divided  portions  of 
the  pectoralis  minor,  point  to  the  origin  aud  branches  of  the  acromio-thoracic  artery  ;  6, 
placed  on  a  group  of  axillary  glands,  indicates  the  alar  thoracic  and  subscapular  vessels ; 
7,  placed  on  the  trunk  of  the  axillary  vein,  points  by  a  line  to  one  of  ihe  vense  comites  of 
the  brachial  vein.Cwhich  being  joined  by  the  other  higher  up  passes  into  the  axillary  vein  : 
the  ulnar  nerve  is  seen  passing  from  below  the  basilic  vein  towards  the  inner  condyle  ; 
near  1,  placed  on  the  coraco-brachialis  muscle  is  seen  the  musculo-cutaneous  nerve  before 
it  passes  through  that  muscle  ;  near  2,  placed  on  the  tendon  of  the  latissimus  dorsi 
muscle,  a  portion  of  the  nerve  of  Wrisberg. 
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greater  part  of  its  length  with  the  biceps,  the  inner  border  of  cue  or  both 
muscles  sometimes  slightly  overlapping  it, 

Helation  to  Veins.  — Vense  comites  are  in  close  contact  with  the  brachial 
artery,  short  transverse  branches  of  communication  passing  from  one  to 
another,  so  as  at  many  points  to  encircle  it.  Superficial  to  the  aponeurosis, 
the  basilic  vein  is  placed  over  or  to  the  inner  side  of  the  artery  in  the  lower 
half  or  more,  or  iu  the  whole  length  of  its  course,  according  to  the  level  at 
which  the  vein  dips  down  to  join  the  venae  comites  ;  and  at  the  bend  of  the 
elbow  the  median  basilic  vein  crosses  over  the  artery,  the  aponeurotic  inser- 
tion of  the  biceps  lying  between  them. 

Ildation  to  Nerves. — The  median  nerve  descends  in  contact  with  the 
artery,  lying  on  its  outer  side  at  the  axilla,  directly  in  front  of  it  below  the 
middle  of  the  arm,  and  on  the  inner  side  at  the  elbow.  Of  the  large 
branches  of  the  brachial  plexus  which  are  closely  connected  with  the  axillary 
artery,  none  continue  in  the  immediate  neighbourhood  of  the  brachial 
artery  along  the  arm,  except  the  median.  The  external  cutaneous  and 
circumflex  separate  at  once  from  the  vessel  in  the  axilla,  the  musculo-spiral 
soon  turns  backwards  in  the  musculo- sjoiral  groove,  and  the  internal 
cutaneous  and  ulnar  nerves  descend  vertically  on  the  inner  side  of  the 
limb. 


Fig.   269.  —  Superficial  Dissection  op  thr 
Bloob-Vessels  at  the  Bend  of  the  Arm 


Fig.  269. 


(from  R.  Quain). 


a,  two  branches  of  the  internal  cutaneous 
nerve ;  b,  placed  over  the  biceps  near  its  insertion 
and  close  to  the  external  cutaneous  nerve  ;  a',  a', 
the  descending  twigs  of  the  same  nerve  ;  b',  an- 
terior twigs  of  the  same  nerve  accompanying  the 
median  vein  ;  1,  placed  on  the  fascia  of  the  arm 
near  the  bend  of  the  arm,  above  the  place  where 
it  has  been  opened  to  show  the  lower  part  of  the 
brachial  artery  with  its  venae  comites,  of  which 
one  is  entire,  marked  2,  and  the  other  has  been 
divided  ;  + ,  is  placed  between  this  and  the 
median  nerve  ;  3,  basilic  vcIq  ;  3',  3',  ulnar 
veins ;  4,  cephalic  vein ;  4',  radial  vein  ;  5,  6, 
median  vein ;  3',  5,  median  basilic  vein ;  4',  5, 
median  cephalic  vein. 

Brau-ches. — The  brachial  artery  gives 
some  unnamed  branches,  which  are  direc- 
ted outwards  and  backwards  to  the 
muscles  iu  its  immediate  neighbour- 
hood, viz.,  to  the  coraco-brachialis,  biceps, 
and  brachialis  anticus.  The  following 
branches,  which  incline  inwards,  have 
received  names,  and  require  descrip- 
tion : — 

(a)   The    superior    profunda  artery 
(collateralis  magna)  arises  from  the  inner 
and  back  part  of  the  brachial,  just  below  the  border  of  the  teres  major, 
thtdTiT  ^^ach  the  interval  between  the  second  and 

^rt  if       1  */;|<=«P«  muscle.    Accompanied  by  the  musculo-spiral 

nerve,  it  winds  round  the  back  of  the  humerus,  in  the  spix-al  groove,  under 
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cover  of  the  triceps,  and  perforating  the 
external  intermuscular  septum,  reaches 
the  external  and  anterior  aspect  of  the 
bone.  There  the  artery  lies  deeply  in  the 
interval  between  the  brachialis  anticus 
and  supinator  longus  muscles,  considerably 
diminished  in  size  by  having  given  off 
several  branches,  and  descends  to  the 
■elbow,  where  it  anastomoses  with  the 
recurrent  branch  of  the  radial  artery, 

'Fig.  270. — Superficial  View  op  the  Artkriks 
01-  THE  Arm,  Fore-arm,  and  Hand  in  front 
(from  Tiederaann).  ^ 

a,  deltoid  muscle  ;  b,  biceps  ;  6',  the  aponen- 
rotic  insertion  ;  c,  scapular  head  of  the  triceps  ; 
c',  its  internal  head  ;  d,  pronator  radii  teres  ;  e, 
flexor  carpi  radialis ;  f,  palmaris  longus  ;  /',  its 
tendon  spreading  in  the  upper  part  of  the  palmar 
fascia,  from  which,  on  the  inner  side,  the  pal- 
maris brevis  muscle  is  seen  rising ;  g,  flexor 
carpi  ulnaris ;  h,  supinator  radii  longus ;  i, 
extensor  carpi  radialis  longior ;  I,  extensor  ossis 
metacai-pi  pollicis ;  m,  flexor  digitorum  com- 
munis sublimis  ;  1,  placed  on  the  tendon  of  the 
latissimus  dorsi,  the  lower  part  of  the  axillary 
artery,  continued  into  the  brachial ;  2,  superior 
profunda ;  3,  inferior  profunda  ;  4,  ulnar  anas- 
tomotic ;  5,  near  the  division  of  the  brachial 
/  artery  into  ulnar  and  radial,  and  recurrent  radial 
artery ;  5',  lower  part  of  the  radial  artery,  where 
it  gives  off  the  superficialis  volae,  and  turns 
round  the  wrist ;  6',  the  lower  part  of  the  ulnar 
artery,  near  the  place  where  it  passes  down  to 
form  the  superficial  palmar  arch ;  7,  the  super- 
g  ficialis  volae,  which  joins  it ;  8,  8,  8,  8,  first, 
second,  third,  and  fourth  digital  branches  of  the 
superficial  arch  to  the  inside  of  the  little  finger, 
adjacent  sides  of  the  4th  and  5th,  3rd  and  4th, 
and  2nd  and  3rd  fingers ;  9,  radialis  indicis  ; 
on  the  thumb  are  seen  the  two  branches  of  the 
priuceps  pollicis  artery. 

The  superior  profunda  gives  otF  branches  in 
its  first  part  to  the  deltoid,  coraco-bradiialis, 
and  triceps ;  and  many  to  the  last-named  mus- 
cle, whilst  it  is  between  it  and  the  bone.  In 
this  position  it  also  gives  one  long  branch, 
which  descends  perpendicularly  between  the 
muscle  and  the  bone  to  the  back  part  of  the 
elbow-joint  on  the  outer  side,  where  it  anasto- 
moses with  the  interosseous  recurrent  branch ; 
and  another  which  anastomoses  on  the  inner 
side  with  the  ulnar  recurrent  and  the  anasto- 
motic or  the  inferior  profunda. 

(b)  The  inferior  profunda  a/rtery  (col- 
lateralis  iilnaris  prima),  of  small  size, 
arises  from  the  brachial  artery  a  little 
below  the  middle  of  the  arm,  and  is 
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directed  to  the  back  part  of  the  inner  condyle  of  the  humerus.  Descending 
in  company  with  the  ulnar  nerve,  it  pierces  the  intermuscular  septum,  then 
lies  on  the  inner  surface  of  the  triceps  muscle,  to  which  it  gives  branches, 
and  entering  the  interval  between  the  olecranon  and  inner  condyle,  it 
terniinatos  by  inosculating  with  the  posterior  recurrent  branch  of  the  ulnar 
ju-tery,  and  with  the  anastomotic  branch  of  the  brachial. 

(c)  The  nutrient  artery  of  the  shaft  of  the  humerus  is  a  small  branch 
given  off  by  the  brachial  about  the  middle  of  the  arm,  or  by  one  of  its 
collateral  branches.  It  inclines  downwards,  enters  the  oblique  canal  in  the 
humerus  near  the  insertion  of  the  coraco-brachialis  muscle,  and  is  distributed 
in  the  interior  of  the  bone. 

{d)  The  anastomotic  artery  (coUateralis  ulnaris  secunda),  is  a  very  con- 
stant branch  of  moderate  si^e.  Arising  from  the  brachial  artery  about  two 
inches  above  the  bend  of  the  arm,  it  is  directed  transversely  inwards  on  the 
brachialis  anticus  muscle,  above  the  inner  condyle  of  the  humerus,  and,  after 
perforating  the  intermuscular  septum,  turns  outwards  behind  the  htimerus, 
between  the  bone  and  the  triceps  muscle,  and  forms  with  the  superior  pro- 
funda an  arch  across  the  humerus,  immediately  above  the  olecranon  fossa 
(areas  dorsaUs  humeri  posticus, — Haller).  In  front  of  the  humerus  the 
anastomotic  artery  furnishes  a  branch  which  ramifies  in  the  pronator  teres, 
and  anastomoses  with  the  anterior  ulnar  recurrent  branch.  Behind  the 
inner  condyle  another  offset  joins  with  the  posterior  ulnar  recurrent,  and 
behind  the  humerus  several  branches  are  given  to  the  joint  and  the  muscle. 

Peculiarities. — From  their  comparative  frequency,  and  surgical  interest,  the 
peculiarities  of  the  brachial  artery,  especially  those  which  affect  its  trunk,  deserve 
particular  attention. 

Course. — The  brachial  artery  sometimes  lies  in  front  of  the  median  nerve,  instead 
of  behind  it. 

The  brachial  artery  has  been  seen,  though  rarely,  to  descend,  accompanied  by  the 
median  nerve,  towards  the  inner  condyle  of  the  humerus,  and  regain  its  usual  position 
.at  the  bend  of  the  elbow  by  passing  forwards  underneath  a  fibrous  arch,  from  which 
the  pronator  teres  in  those  cases  arises,  and  which  descends  to  the  inner  condyle  from 
the  occasional  prominence  called  the  supra-condyloid  process,  as  has  been  previously 
described  (p.  80).  Sometimes  this  disposition  occurs  without  the  development  of  any 
bony  prominence. 

As  an  extremely  rare  condition,  the  artery  has  been  found  divided  into  two  vessels 
near  its  commencement,  the  artery  being  single  above  and  below,  as  also  occurs  with 
the  femoral  trunk. 

In  a  very  few  cases  the  three  arteries  of  the  fore-arm,  radial,  ulnar,  and  inter- 
osseous, have  arisen  together  from  the  end  of  the  brachial  trunk,  at  the  usual  distance 
below  the  elbow. 

JTif/h  division. — The  most  frequent  change  from  the  ordinary  arrangement  of  the 
brachial  artery  is  connected  with  its  division  into  terminal  branches. 

Out  of  481  examples  recorded  by  Richard  Quain  from  observations  made,  some  on 
the  right  and  some  on  the  left  side  of  the  body,  the  vessel  was  found  in  386  to  divide 
at  its  usual  position,  a  little  below  the  elbow-joint.  In  one  case  only  (and  that  com- 
plicated by  another  peculiarity,  viz.,  the  existence  of  a  aherrans  proceeding  from 
the  axillary  to  the  radial),  was  the  place  of  division  lower  than  usual,  being  between  two 
and  three  inches  lower  than  the  elbow-joint.  In  64  cases  the  brachial  artery  divided 
above  the  usual  point,  at  various  heights  upwards  to  the  lower  border  of  the  axilla. 
The  branch  prematurely  separated  from  the  rest  of  the  trunk  in  an  early  division,  isj 
in  the  proportion  of  nearly  three  cases  out  of  four,  the  radial  artery  ;  sometimes  'the 
ulnar  is  the  branch  given  off;  that  is  to  say,  a  branch  corresponding  to  the  ulnar  in 
its  distribution  below  the  middle  of  the  fore-arm  separates  from  a  trunk  which  after- 
wards divides  into  the  normal  radial  artery  and  the  intcro.sscous  of  the  fore-arm, 
which  last  IS  normally  derived  from  the  ulnar  artery.  Rarely  the  interosseous  of  the 
lore-arm,  or  a  van  abeirans,  is  the  branch  given  off. 
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Fig.  271. 


In  all  cases  of  the  lii<>h  oritrin  nf  nnn  r  ,i       ,  . 

extent  in  wlii.h  the  two  ve«.c  f  thus  fonL?!  ^^'^ 

vtbbcis  tJm..  lormcd  run  sci)anitely  mu.st  vary  according  to  the 

Height  at  whicli  the  main  artery  divides.  The  point 
ot  division  in  the  entire  number  of  cases,  witiiout 
reiercnce  to  the  particular  branch  given  off  is 
most  frequently  in  the  upper,  less  so  in  the  loM-er 
and  least  so  in  the  middle  third  of  the  arm.  But 
the  early  division  of  the  main  artery  of  the  upper 
limb  may,  as  mentioned  in  connection  with  the 
varieties  of  the  axillary  artery,  take  place  within 
the  axilla,  in  which  case  it  follows  that  the  brachial 
portion  of  the  vessel  is  replaced,  throughout  its 
whole  extent,  by  two  separate  trunks.  In  94  cases 
out  of  481  observed  by  R.  Quain,  or  about  one  in  five 
and  one-ninth,  there  were  two  arteries  instead  of  one 
in  some  part  or  iii  the  whole  of  the  arm. 

The  position  of  the  two  arteries,  in  these  cases, 
is  of  much  surgical  interest.  AVe  shall  here  con- 
sider only  their  position  in  the  arm,  and  subse- 
quently trace  them  in  their  irregular  course  in  the 
fore-arm.  Usually  they  are  close  together,  and 
occupy  the  ordinary  position  of  the  brachial  artery  ; 
but  there  are  some  peculiarities  in  their  position 
which  require  to  be  particularly  noticed. 

The  radial  artery,  when  thus  given  off  in  the 
arm,  often  arises  from  the  inner  side  of  the  brachial, 
then  runs  parallel  with  the  larger  vessel  (the  bra- 
chial or  ulnar-interosseous),  and'  crosses  over  it, 
sometimes  suddenly,  opposite  the  bend  of  the 
elbow,  still  covered  by  the  fascia.  It  has  been 
found,  but  in  a  very  few  instances  only,  to  perforate 
the  fascia,  and  run  immediately  under  the  skin, 
near  the  bend  of  the  elbow. 


Fig.  271. — Dissection  of  the  Right  Arm,  showing 

AN  EXAMPLE  OF  HIGH  SEPAKATION  OF  THE  RaDIAL 
ArTERT  FROM   THE    BRACHIAL,    AND  AN  ENLARGED 

Median  Artery  in  the  Fore-arm  (from  Tiede- 
maun).  ^ 

1,  on  the  tendon  of  the  latissimns  dorsi,  points  to 
the  upper  part  of  the  brachial  artery  ;  2,  the  brachial 
artery  after  giving  off  the  radial ;  3,  the  radial  rising 
in  the  upper  third  of  the  arm  and  descending  in  its 
usual  situation  in  the  fore-arm ;  3',  its  superficial 
volar  branch  ;  4,  the  ulnar  artery  in  its  usual  course, 
forming  at  5,  the  superficial  palmar  arch,  from  which 
three  of  the  palmar  digital  arteries  and  the  princeps 
pollicis  take  origin  ;  the  radial  supplying  the  brauclies 
to  the  index  finger  and  one  side  of  the  middle  finger  ; 

6,  the  superior  profunda  branch  of  the  brachial  artery  ; 

7,  muscular  branches  ;  8,  ulnar  anastomotic  ;  9,  re- 
current radial ;  1 0,  anterior  interosseous  giving  an 
unusually  large  median  branch  which  descends  over 
the  wrist  to  unite  with  the  superficial  palmar  arch. 


When  the  vlnar  is  the  branch  given  off  high 
from  the  brachial,  it  often  inclines  from  the  posi- 
tion of  the  brachial,  at  the  lower  part  of  the  arm, 
towards  the  inner  condyle  of  the  humerus.  This 
vessel  generally  lies  beneath  the  fascia  as  it 
descends,  and  superficially  to  the  flexor  muscles. 
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It  is  occasionally  placed  between  the  integuments  and  tlie  fascia  ;  and  in  a  single 
instance  was  found  beneatli  the  muscles.  In  one  instance  recently  occurring  in  the 
dissecting-room  of  the  Glasgow  University,  tlie  ulnar  artery  given  ofF  from  the 
humeral  at  the  middle  of  the  arm  was  observed  to  descend  superficially  behind  the 
inner  condyle. 

The  intti'osseous,  after  arising  from  the  axillary  or  brachial  artery,  is  commonly 
situated  behind  the  main  artery,  and,  on  reaching  the  bend  of  the  elbow,  passes 
deeply  between  the  muscles,  to  assume  its  usual  position  in  the  fore  arm. 

Lastly,  when  the  radial  has  arisen  high  in  the  arm,  the  residuary  portion  of  the 
brachial  [ulnar-interosseous)  has  occasionally  been  observed  descending,  accompanied 
by  the  median  nerve,  along  the  intermuscular  septum  towards  the  inner  condyle  of 
the  humerus,  as  Hvr  as  the  origin  of  the  pronator  teres  (which  in  the  cases  recorded 
was  found  broader  than  usual),  whence  it  turned  outwards  under  cover  of  the  muscle, 
to  gain  the  usual  position  at  the  middle  of  the  bend  of  the  elbow. 


Fig.  272. — Aberrant  Artery,  skpauatino  from  the 

BRACHIAL  AT  THE  MIDDLE  OV  TUK  ArM,  I'ASSING  WITH 

THE  Median  Nerve  throuqu  the  Internal  Inter- 
McsouLAR  Septum,  and  joining  farther  down 
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a,  biceps  muscle  ;  6,  triceps  ;  c,  c,  divided  pronator 
teres  ;  d,  d,  d',  median  nerve,  diverted  irom  its  usual 
course,  and  passiug  with  the  aberrant  artery  thi'ough 
the  internal  intermuscular  septum  ;  e,  e,  e,  ulna 
nerve  in  its  usual  course  ;  1,  brachial  artery,  giving 
off  an  aberrant  artery  at  the  middle  of  the  arm  ; 
2,  the  usual  radial  artery ;  3,  aberrant  artery,  with 
the  median  nerve  twining  round  it,  passing  at  3' 
through  the  internal  intermuscular  septum  ;  3",  the 
same  farther  down,  and  communicating  at  4'  with  the 
first  part  of  the  normal  ulnar  artery,  4,  given  off 
from  the  brachial. 

The  two  arteries  taking  the  place  of  the  brachial 
are  in  some  instances  connected  near  the  bend  of 
the  arm  by  an  intervening  trunk,  which  proceeds 
from  the  larger  (or  ulnar-interosseous)  artery  to  the 
radial  or  the  radial  recurrent,  and  varies  somewhat 
in  its  size,  form,  and  course.  More  rarely  the  two 
unusual  arteries  are  actually  re-united. 

The  aberrant  arteries,  "  vasa  aberrantia,"  alluded 
to  in  the  preceding  statement,  are  long  slender  ves- 
sels, which  arise  either  from  the  brachial  or  the 
axillary  artery,  and  end  by  joining  one  of  the 
arteries  of  the  fore-arm,  or  one  of  their  branches. 
In  eight  cases  out  of  nine,  observed  by  Quain,  this 
unusual  vessel  joined  the  radial ;  in  the  remaining 
case  it  joined  the  radial  recurrent,  which  arose 
irregularly  from  the  ulnar  artery.  Monro  and 
Meckel  have  each  seen  one  case  in  which  the 
aberrant  vessel  joined  the  ulnar.  This  peculiarity 
may  be  regarded,  perhaps,  as  an  approach  to  that 
condition  in  wliich  there  is  division  of  the  brachial 
artery  and  subsequent  connection  of  its  two  parts 
by  an  intervening  branch. 

State  of  the  arteries  in  both  limbs.— In  most  cases  of  fh^  hi^^.  a-  ■  •      r      ^  , 
arteries  the  condition  of  the  vessels  is  noMhTr      '^^^f'^'^.  ^'vision  of  the  brachial 
61  bodies  in  which  the  high  dTwsTon  existeJ  if  n         f""         """"^  ^"^^  ^'^ 
both  sides,  in  different  positions  in  i  T     1'      f'T''^  ""^^  43  ;  on 

the  remaining  5.  ^  '  °     '  ''"^  "'^         ^^^es,  in  the  same  position,  in 

BranC.es.-it  has  been  already  mentioned  (p.  381)  that  the  supa-ior  j^ro/unda 


ULNAR  ARTERY. 


may  give  origin  to  the  posterior  circumflex 
artery,  and  tliat  its  own  origin  is  sometimes 
transferred  to  a  branch  arising  from  the  axillary 
artery. 

The  inferior  profunda  is  likewise  occasionally 
absent,  and  on  that  account  has  not  been  recog- 
nifujd  by  some  anatomists  as  a  regular  branch  of 
the  brachial  artery. 

The  anasloinotic  artery  is  sometimes  much 
reduced  in  size,  and  in  that  case  the  inferior 
•profunda  takes  its  place  behind  the  humerus. 

Fig.  273. — Deep  Anterior  View  of  the  Ar- 
teries OP  THE  Arm,  Fore-arm,  and  Hand 
(from  Tiedemann).  \ 

The  biceps  brachii,  the  pronator  teres  and  mus- 
cles rising  from  the  iuner  condyle,  the  supinator 
loDgus,  the  lower  part  of  the  flexor  longus  pollicis 
and  flexor  profundus  digitorum,  the  anterior  an- 
nular ligament  of  the  carpus  aud  the  muscles  of 
the  ball  of  the  thumb  have  been  removed;  n,  pro- 
nator quadratus  muscle  ;  1,  lower  part  of  the 
axillary  artery  continued  into  the  brachial  ;  2, 
superior  profunda  branch  ;  3,  inferior  profunda ; 
4,  ulnar  anastomotic ;  5,  upper  part  of  the  radial 
artery  and  radial  recurrent ;  6',  lower  part  of  the 
radial  artery  giving  off  the  superficialis  volse 
branch  ;  5",  the  radial  artery  emerging  from  be- 
tween the  heads  of  the  abductor  indicis  muscle  ; 
6,  6,  the  upper  part  of  the  ulnar  artery  with  the 
anterior  and  posterior  ulnar  recurrent  branches ;  6', 
the  ulnar  artery  approaching  the  wrist  and 
descending  into  the  superficial  palmar  arch  which 
has  been  cut  short  ;  6",  the  deep  branch  of  the 
ulnar  artery  uniting  with  the  deep  palmar  arch  ; 
7  (marked  only  on  one),  three  interosseous  branches 
from  the  deep  palmar  arch  joining  the  palmar  digital 
arteries  8,  8,  8,  which  have  been  cut  away  from 
their  origin  from  the  superficial  arch  to  near  their 
division  into  the  collateral  digital  arteries ;  the 
ulnar  collateral  of  the  little  finger  is  represented 
as  rising  in  this  instance  from  the  deep  ulnar 
artery  ;  9,  placed  between  the  princeps  pollicis  and 
radialis  indicis  branches  of  the  radial  artery  ;  10, 
lower  part  of  the  anterior  interosseous  artery 
passing  behind  the  pronator  quadratus  muscle  ;  11, 
anastomosis  of  the  anterior  carpal  branches  of  the 
radial  and  ulnar  arteries  with  recurrent  branches 
from  the  deep  palmar  arch, 

ULNAR  ARTERY. 

The  ulnar  artery,  the  larger  of  the  two 
vessels  into  -which  the  brachial  divides,  ex- 
tends along  the  inner  side  of  the  fore-arm 
into  the  palm  of  the  hand,  where,  joining 
a  branch  of  the  radial,  opposite  the  mns- 
cles  of  the  thumb,  it  forms  the  superBcial 
palmar  arch.  In  this  course  it  inclines 
at  first  downwards  and  inwards,  describing 
a  slight  curve,  the  convexity  of  which  is 
directed  inwards,  and  passes  under  cover  of 
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the  superBcial  muscles  arising  from  the  inner  condyle  of  the  humerus, 
viz.,  the  pronator  tores,  flexor  carpi  radialis,  palmaris  longus,  and  flexor 
subliuiis,  until  it  reaches  the  flexor  carpi  uluaris  near  the  junction  of  the 
upper  with  the  middle  thu-d  of  the  fore-arm  ;  at  this  point  the  artery  comes 
into  contact  with  the  ulnar  nerve,  which  was  previously  separated  from  it  by 
a  considerable  interval,  and  changing  its  direction,  descends  vertically  with 
the  nerve  towards  the  inner  border  of  the  palm  of  the  hand.  Descending 
along  the  radial  border  of  the  tendon  of  the  flexor  ulnaris  muscle,  the 
ulnar  artery  reaches  the  outer  or  radial  side  of  the  pisiform  bone,  where, 
still  accompanied  by  the  nerve,  it  passes  over  the  cutaneous  surface  of  the 
anterior  annular  ligament  of  the  wrist  into  the  palm  of  the  hand.  Its 
disposition  in  the  hand  will  be  separately  described. 

In  the  fii-st  half  of  its  course  through  the  fore-arm,  the  artery  is  deep- 
seated,  being  covered  by  the  muscles  arising  from  the  inner  condyle  of  the 
humerus  which  have  been  akeady  enumerated.  About  the  middle  of  the 
fore-arm  it  is  overlapped  by  the  fle-shy  part  of  the  flexor  carpi  ulnaris  ;  but 
below  that,  it  becomes  more  superficial,  being  overlaid  by  the  tendon  of  the 
muscle,  and  covered  by  the  skin,  the  fascia  of  the  fore-arm,  and  a  thin  layer 
of  membrane  by  which  the  vessel  is  bound  down  to  the  muscle  beneath.  At 
first  the  ulnar  artery  lies  on  the  insertion  of  the  brachialis  anticus  into  the 
coronoid  process  of  the  ulna  ;  then  on  the  flexor  profundus  in  the  rest  of 
the  fore-arm,  and  lastly,  on  the  annular  ligament  of  the  carpus.  Below  the 
point  at  which  it  emerges  from  under  the  flexor  carpi  ulnaris  (or  a  little 
below  the  middle  of  the  fore-arm),  the  tendon  of  that  muscle  is  on  its  inner 
or  ulnar  side. 

Relation  to  Nerves. — The  median  nerve  lies  immediately  on  the  inner  side 
of  the  ulnar  artery  at  its  origin,  but  being  directed  down  the  middle  of  the 
fore- arm  it  soon  passes  over  the  vessel,  separated  from  it  at  the  point  of 
crossing  by  the  deep  head  of  the  pronator  teres  muscle.  As  the  ulnar 
nerve  descends  behind  the  inner  condyle  of  the  humerus,  it  is  removed  from 
the  ulnar  artery  by  a  considerable  interval  at  the  upper  part  of  the  fore-arm  ; 
but  as  the  vessel  inclines  inwards,  it  approaches  the  nerve,  and  is  accom- 
panied by  it  in  the  lower  half  of  its  course — the  nerve  lying  close  to  its 
inner  side.  A  small  branch  of  the  ulnar  nerve  descends  upon  the  lower 
part  of  the  vessel. 

Relation  to  Veins. — Two  veins  (venae  comites)  accompany  the  ulnar 
artery,  and  are  frequently  united  by  branches  crossing  it. 

Branches. — The  ulnar  artery  gives  ofi"  in  the  fore-arm  the  anterior  and 
posterior  recurrent,  the  interosseous,  and  several  muscular  branches.  At 
the  wrist  it  gives  off  the  anterior  and  posterior  carpal  branches. 

Recurrent  Branches. — The  anterior  ulnar  recurrent  artery,  a  small 
branch,  arches  inwards  and  upwards  from  the  upper  part  of  the  ulnar  artery, 
running  on  the  brachialis  anticus  muscle,  and  covered  by  the  pronator  teres, 
both  which  muscles  it  partly  supplies.  On  reaching  the  front  of  the  inner 
condyle,  it  anastomoses  with  the  inferior  profunda  and  anastomotic  arteries, 
derived  from  the  brachial. 

The  posterior  ulna/r  recurrent,  larger  than  the  preceding,  comes  off  lower 
down  ;  but  not  unfrequently  the  two  vessels  arise  by  a  short  common  trunk. 
Tlie  posterior  recurrent  runs  inwards  and  backwards  beneath  the  flexor  sub- 
limis,  and  then  ascends  behind  the  inner  condyle.  In  the  interval  between 
that  process  and  the  olecranon  it  lies  beneath  the  flexor  carpi  ulnaris,  and 
passing  between  the  heads  of  that  muscle  along  the  ulnar  nerve,  supplies 
branches  to  the  muscles,  to  the  elbow  joint,  and  to  the  nerve  itself.  This 
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branch  communicates  with  the  inferior  profunda,  the  anastomotic,  and,  over 
the  olecranon,  likewise  with  the  interosseous  recurrent. 

^'2-  Pig-  274.-V1EW  OF  THE  Anas- 

tomoses OF  Arteiuks  near 
THE  Elbow-Joint  :  A,  from 

BEFORE  ;    B,    PEOM  BEHIND 

(from  li.  Quain).  { 

A.  a,  brachialis  anticus  mus- 
cle ;  b,  external  condyloid 
eminence  covered  by  the  suj)i- 
nator  radii  brevis  and  the  anas- 
tomoses of  the  superior  profunda 
and  radial  recurrent  arteries  ; 
c,  ulnar  nerve ;  d,  median 
nerve ;  e,  musculo-spiral  nerve ; 
e',  its  posterior  interosseous 
branch :  its  radial  branch  is 
cut  ;  /,  oblique  line  of  the 
radius ;  1,  brachial  artery  ;  2, 
radial  artery  ;  3,  ulnar  artery  ; 
4,  inferior  profunda ;  5,  anas- 
tomotic ;  6,  anterior  ulnar  re- 
current anostomosing  with  the 
anterior  descending  branches  of 
tl;e  anastomotic ;  7,  posterior 
ulnar  recurrent  passing  up  be- 
hind the  inner  condyloid  emi- 
nence to  anastomose  with  the 
inferior  profunda  and  posterior 
branch  of  the  anastomotic  ;  8, 
spiral  branch  of  the  superior 
profunda ;  9,  placed  on  the 
tendon  of  the  biceps  muscle, 
points  to  the  radial  recuiTent 
artery ;  10,  10,  interosseous 
artery  and  its  anterior  branch. 
B.  a,  a  part  of  the  brachialis  anticus  muscle  ;  6,  external  lateral  ligament  of  the 
elbow-joint;  c,  ulnar  nerve  ;  d,  a  small  part  of  the  musculo-spiral  nerve;  1,  superior 
profunda  artery ;  2,  its  branch  to  the  triceps  muscle;  3,  its  spiral  branch  to  the  outer 
condyle  ;  4,  its  anastomosis  with  the  recurrent  radial  artery  ;  5,  recurrent  of  the  posterior 
interosseous  artery,  passing  up  to  anastomose  with  the  preceding  and  with  the  anasto- 
motic behind  the  joint ;  6,  inferior  profunda  ;  7,  posterior  branch  of  the  anastomotic 
artery  ;  8,  anastomosis  of  the  anastomotic  and  inferior  profunda  with  the  superior  pro- 
funda and  the  posterior  interosseous  recurrent ;  9,  posterior  ulnar  recurrent  ai'tery  passing 
up  in  the  groove  of  the  ulnar  nerve  to  anastomose  with  the  inferior  profunda  and  anasto- 
motic. 


Interosseous  Aktery. — The  interosseous  or  common  interosseous  artery, 
the  next,  and  the  largest  branch  of  the  ulnar,  is  a  trunk  of  considerable  size, 
about  an  inch  in  length,  which  arises  below  the  bicipital  tuberosity  of  the 
radius,  beneath  the  flexor  sublimis,  and  passes  backwards  to  reach  the  upper 
border  of  the  interosseous  ligament,  where  it  divides  into  the  anterior  and 
posterior  interosseous  arteries. 

The  anterior  interosseous  descends  upon  the  anterior  surface  of  the  inter- 
osseous ligament,  accompanied  by  the  interosseous  branch  of  the  median 
nerve  and  venoe  comites,  and  overlapped  by  the  contiguous  borders  of  the 
flexor  profundus  digitorum  and  flexor  longus  pollicis  muscles.  It  continues 
its  course  directly  downwards  as  far  as  the  upper  border  of  the  pronator 
quadratus  muscle,  then  pierces  the  interosseous  ligament,  and  descends  to 
the  back  of  the  carpus. 


RRANCIIES  OF  THE  INTEROSSEOUS  ARTERY. 
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The  anterior  iutcrosseoua  artery  gives  off  the  following  branches  : — 
(fi)  The  artery  of  the  median  nerve,  or  the  median  artenj,  a  long  slender  branch, 
which  accompanies  the  median  nerve  and  sends  offsets  into  its  substance.  This 
artery  is  sometimes  much  enlarged,  and  in  that  case  it  presents  several  peculiarities 
to  be  hereafter  noticed. 

(b)  Miiiscular  branches  to  the  flexor  profundus,  flexor  longus  pollicis,  and  pronator 
quadratus  muscles. 

(c)  The  mdrient  arteries  of  the  shafts  of  the  radius  and  ulna,  which  diverging  from 
one  another,  enter  the  oblique  foramina  in  those  bones  to  be  distributed  to  the 
medullary  membrane  in  their  interior. 

{d)  An  anterior  inosculating  branch,  given  off  before  the  artery  pierces  the  inter- 
osseous membrane,  and  descending  beneath  the  pronator  quadratus  muscle  to  anas- 
tomose with  the  anterior  carpal  arteries. 

(e)  Terminal  twigs  inosculating  with  the  posterior  carpal  arteries. 

The  posterior  interosseous  artery  passes  backwards  through  the  interval 
left  between  the  oblique  ligament  and  the  upper  border  of  the  interosseous 
ligament,  and  continuing  its  course  downvv;irds  along  the  fore-arm,  covered  by 
the  superficial  layer  of  extensor  muscles,  gives  branches  to  them  and  the 
deep-seatod  muscles,  and  reaches  the  carpus  considerably  diminished 
in  size. 

In  addition  to  muscular  branches,  it  gives  off  the  following  : — 

(a)  The  jwstcrior  iuteroxseous  recurrent,  which  passes  directly  upwards,  covered  by 
the  anconeus,  to  reach  the  interval  between  the  olecranon  and  external  condyle  ;  at 
which  place  it  divides  into  several  offsets  which  anastomose  with  the  superior  profunda 
and  the  posterior  ulnar  recurrent. 

(b)  Terminal  branches,  which  anastomose  with  the  posterior  or  terminal  branch 
of  the  anterior  interosseous  artery,  and  with  the  carpal  branches  of  the  radial  and 
ulnar  arteries. 

MuscuiAB  Branches  of  the  ulnar  artery  are  distributed  to  the  muscles 
in  the  course  of  the  vessel  along  the  fore-arm  :  some  of  these  perforate  the 
interosseous  ligament  to  reach  the  extensor  muscles. 

Carpal  Branches. — The  posterior  ulnar  carpal  branch,  of  variable  size, 
arises  a  little  above  the  pisiform  bone,  and  winding  back  undtr  the  tendon  of 
the  flexor  carpi  ulnaris,  reaches  the  dorsal  surface  of  the  carpus  beneath  the 
extensor  tendons. 

Its  branches  are  the  following  : — 

(a)  A  branch  anastomoses  wi(h  the  posterior  carpal  artery  derived  from  the 
radial  so  as  to  form  the  posterior  carpal  arch,  and  from  this  arch  are  derived  the 
second  and  tkird  dorsal  interosseom  ar/erics,  yvhich  descend  on  the  spaces  between 
the  third  and  fourth  and  the  fourth  and  fifth  metacarpal  bones,  and  are  reinforced 
at  the  upper  ends  of  those  spaces  by  anastomoses  with  the  posterior  perforating 
branches  of  the  deep  palmar  arch. 

(b)  A  branch  runs  along  the  metacarpal  bone  of  the  little  finger.  Sometimes  this 
7maU  ''^  ^  posterior  carpal  being  then  very 

Tlie  anterior  ulnar  carpal  branch  is  a  very  small  artery,  which  runs  on  the 
anterior  surface  of  the  carpus  beneath  the  flexor  profundus,  anastomoses 
with  a  similar  offset  from  the  radial  artery,  and  supplies  the  carpal  bones 
and  articulations.  ^ 

PEoaLiAR,TiKs.-0,7Vm.-In  the  whole  number  of  cases  observed  by  Richard 
Quain,  the  ulnar  artery  was  found  to  <!eviatc  from  its  usual  mode  of  olil ZTin 

a   irr?Thr"oin^:7ro^  freq.iln£rn  U 

S?r;mk  at  difforln?  'P'"""  '  ^'^''^'^Pl^^     i^s  origin  from  the 

main  trunk  at  different  parts  appeared  to  decrease  in  number  in  proportion  as  the 
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Fig.  275.  Fig.    275.— Abnormal  Superficial   Ulnar  Artery 

KISINQ  moilER  THAN  USUAL  FROM  THE  BRACHIAL,  j 

TIlis  fiprehas  Leen  taken  from  a  preparation  in  A. 
Uinrasoii  s  collection  ;  the  drawing  being  planned  after 
that  of  a  simdar  case  represented  by  R.  Quain  Tab 
xxxvi.  Fig.  1. 

a,  biceps  muscle  covered  by  the  deep  brachial  fascia ; 
o>  the  same  fascia  in  the  fore-arm,  which  has  been 
opened  in  a  considerable  extent  to  show  the  radial  artery 
subjacent  to  it;  c,  median  nerve;  d,  ulnar  nerve;  1, 
on  the  biceps  muscle,  points  to  the  brachial  artery  after 
having  given  off  an  ulnar  artery  higher  up,  and  dividing 
at  1',  into  the  radial  artery  and  a  deep  vessel  correspond- 
ittg  to  the  interos^seous  and  a  part  of  the  usual  ulnar  ; 
2,  on  the  supinator  longus  muscle,  points  to  the 
radial  artery  ;  3,  3,  artery  which  is  given  off  by  the 
brachial  in  the  arm,  and  which  descending  upon  the  fascia 
takes  the  place  of  the  ulnar  at  the  wrist ;  3',  the  same 
continued  into  the  superficial  palmar  arch,  giving  off 
digital  branches  nearly  in  the  usual  manner,  and  joined 
by  a  branch  from  the  radial,  4,  the  superficial  volar  ; 
5,  digital  branches ;  towards  the  thumb  a  commu- 
nication of  the  superficial  arch  with  the  princeps  pollicis 
exists. 

Course. — The  position  of  the  ulnar  artery  in  the 
fore-arm  is  more  frequently  altered  than  that  of  the 
radial.  When  it  arises  in  the  usual  way,  the  course 
of  this  artery  is  not  often  changed ;  but  it  has  been 
seen  to  descend  apart  from  the  tendon  of  the  flexor 
carpi  ulnaris,  instead  of  being  close  to  its  radial 
border. 

In  cases  of  high  origin,  it  almost  invariably  descends 
over  the  muscles  arising  from  the  inner  condyle  of  the 
humerus,  only  one  exception  to  this  rule  having  been 
met  with.    (R.  Quain,  plate  36,  fig.  2.) 

Most  commonly  it  is  covered  by  the  fascia  of  the 
fore-arm ;  but  cases  also  occur  in  which  the  vessel  rests 
on  the  fascia,  and  either  continues  in  that  position  or 
becomes  subaponeurotic  lower  down,  while  the  vessel 
thus  disposed  is  distributed  after  the  manner  of  the 
normal  ulnar  artery.  The  vessel  from  which  the  high 
{  ISii^iiUlk  ulnar  separates  is  afterwards  divided  into  the  radial 

artery  and  the  interosseous,  the  last  of  which  is  usually 
derived  from  the  ulnar ;  it  appears  therefore  probable 
that  the  abnormal  arrangement  results  from  early 
obstruction  of  the  ulnar  artery  below  the  origin  of  the 
interosseous,  and  the  development  of  a  superficial 
vas  aberrans,  which  unites  the  portion  of  vessel  below 
the  obstruction  with  the  axillary  or  brachial  trunk.  The 
interosseous  artery  in  such  cases  of  abnormality  thus 
comprises  not  only  the  ordinary  interosseous  branch, 
but  likewise  the  portion  of  ulnar  arterj'  above  the 
obstruction ;  and,  in  accordance  with  this  view,  we 
find  that  the  recurrent  branches  are  derived  from  it. 
As  to  size,  the  ulnar  artery  presents  some  peculiarities  which,  being  accompanied 
by  deviations  of  an  opposite  and  compensating  character  in  the  radial  artery,  will  be 
noticed  with  that  vessel. 
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Branches. — The  anterior  and  posterior  ulnar  recurrent  branches  frequently  arise 
by  a  common  trunk.    One  or  both  have  been  .seen  to  arise  from  the  brachial  artery. 

The  anterior  and  ponttrior  interosseous  arteries  are  occasionally  given  separately 
from  the  ulnar.  The  common  interosseous  trunk  has  been  found  to  arise  above  its 
ordinary  situation,  taking  origin  from  the  brachial,  and  even  (but  more  rarely)  from 
the  axillary  artery.  The  anterior  interosseous  presents  some  striking  varieties  of 
excess  in  its  branches,  usually  connected  with  a  deficiency  in  the  radial  or  ulnar 
arteries  :  the  most  important  of  these  is  enlargement  of  the  median  branch. 

Median  artery. — The  branch  accompanying  the  median  nerve  is  sometimes  much 
enlarged,  and  in  such  cases  may  be  regarded  as  a  reinforcing  vessel.  It  is  generally 
a  branch  of  the  anterior  interosseous,  but  sometimes  of  the  ulnar ;  and  more  rarely 
a  median  branch  has  been  met  with  descending  from  the  brachial  artery.  Accom- 
panying the  median  nerve  beneath  the  annular  ligament  into  the  palm  of  the  hand, 
the  median  artery  ends  mo.st  frequently  by  joining  the  superficial  palmar  arch,  some- 
times by  forming  digital  branches,  in  other  cases  by  joining  digital  branches  given 
from  other  sources. 


SUPEIIFICIAI.  PALMAR  ARCH. 

Tlie  superficial  palmar  arch  or  artery  (arcus  superficialis  volae, — Haller)  is 
the  continuation  of  the  ulnar  artery  into  the  hand.  Changing  its  course  near 
the  lower  border  of  the  annular  ligament,  this  artery  turns  obliquely  out- 
wards across  the  palm  of  the  hand  towards  the  middle  of  the  muscles  of  the 
thumb,  where  it  terminates  by  inosculating  with  a  small  branch  of  the 
radial  artery — the  superficial  volar,  generally  passing  through  among  the 
muscles  of  the  thumb.  In  its  course  across  the  hand,  the  palmar  artery 
describes  a  curve,  having  its  convexity  directed  towards  the  fingers,  and 
extending  downwards  somewhat  lower  than  a  line  on  a  level  with  the  pha- 
langeal articulation  of  the  thumb. 

The  superficial  palmar  artery  rests  at  its  commencement  on  the  annular 
ligament  of  the  wrist,  and  slightly  on  the  shoj  t  muscles  of  the  little  finger  ; 
then  on  the  tendons  of  the  superficial  flexor  of  the  fingers,  and  the  divisions 
of  the  median  aud  ulnar  nerves,  the  latter  nerve  accompanying  the  vessel 
for  a  short  distance.  It  is  covered  towards  the  ulnar  border  of  the  hand 
by  the  palmaris  brevis,  and  afterwards  by  the  palmar  fascia  and  the 
integument. 

Branches. — The  branches  given  off  by  the  superficial  palmar  arch,  which 
are  generally  numerous,  are  as  follow  : — 

(a)  The  deep  or  communicating  branch  arises  from  the  ulnar  artery  at  the 
commencement  of  the  pahnar  arch  a  little  beyond  the  pisiform  bone,  sinks 
deeply  between  the  flexor  brevis  and  the  abductor  of  the  little  finger,  and 
inosculates  with  the  palmar  termination  of  the  radial  artery,  thereby  com- 
pleting the  deep  palmar  arch. 

{h)  Small  branches,  some  following  a  retrograde  course  towards  the  annular 
ligament,  are  given  off  to  the  parts  in  the  palm  of  the  hand  from  the  upper 
or  concave  side  of  the  palmar  arch. 

(c)  The  dirjital  branches,  usually  four  in  number,  proceed  downwards 
from  the  convexity  of  the  palmar  arch  to  supply  both  sides  of  the  three 
inner  fingers,  and  the  ulnar  side  of  the  fore  finger.  The  first  dinital  branch 
inclines  inwards  to  the  ulnar  border  of  the  hand,  and  after  giving  minute 
offsets  to  the  muscles  of  the  little  finger,  runs  along  the  inner  margin  of  its 
phalanges.  The  second  runs  along  the  fouith  metacarpal  space,  aud  at  the 
root  of  the  fingers  divides  into  two  branches,  which  proceed  along  the  con- 
tiguoiis  borders  of  the  ring  finger  and  little  finger.  The  tlm-d  is  similarly 
distributed  to  the  ring  finger  aud  middle  finger  ;  and  the  fourth  to  the 


394 


ULNAR  AND  RADIAL  ARTERIES. 


latter  and  the  imlex  finger.  The  thumb  and  the  radial  side  of  the  index 
finger  are  supplied  from  the  radial  artery. 


Fig.  276. 


Fig.  276.— SnpERPioiAL  Dissection  op  tde  Lower 
Part  op  the  Fork  arm  and  the  Hand,  showino 
THE  Radial  and  Ulnar  Arteries,  the  Supek- 
PioiAL  Palmar  Aroh,  and  the  accompanyinq 
Nerves  (from  R.  Quain).  J 

a,  placed  on  the  deep  fascia  of  the  forearm,  between 
the  tendons  of  the  palmaris  lougus  and  flexor  carpi 
radialis  muscles ;  b,  points  by  a  line  crossing  the 
pisiform  bone  to  the  ulnar  nerve ;  c,  points  to  the 
styloid  process  of  the  radius  and  twigs  of  the  radial 
nerve  ;  1,  radial  artery  lying  on  the  flexor  longua 
pollicis  ;  1',  the  radial  artery  passing  behind  the 
tendons  of  the  extensor  ossis  metacarpi  pollicis 
and  extensor  primi  internodii  pollicis  ;  2,  superficialis 
vol£e  branch,  piercing  the  short  muscles  of  the  thumb 
and  emerging  below  to  join  the  superficial  palmar 
arch ;  3,  external  branch  of  the  princeps  pollicis  ;  4, 
radialis  indicis  ;  a  branch  from  the  superficial  arch  is 
seen  joining  the  internal  branch  of  the  princeps 
pollicis  ;  5,  ulnar  artery  lying  upon  the  flexor  digi- 
torum  profundus ;  5',  the  same  descending  on  the 
anterior  annular  ligament  to  form  the  superficial 
palmar  arch  ;  6,  deep  branch  of  the  ulnar  artery 
passing  between  the  abductor  and  flexor  minimi 
digiti  to  join  the  deep  arch,  accompanied  by  the  deep 
branch  of  the  ulnar  nerve  ;  7,  branch  of  the  super- 
ficial arch  to  the  ulnar  side  of  the  little  finger  ;  8, 
division  of  the  common  branch  to  the  4th  and  5th 
fingeis  ;  9,  the  same  to  the  3rd  and  4th  fingers  ;  10, 
the  same  to  the  2nd  and  3rd  fingers  ;  7  and  8,  are 
accompanied  by  the  digital  branches  of  the  ulnar 
nerve,  and  3,  4,  9,  and  10,  by  the  branches  of  the 
median  nerve. 


The  digital  arteries  are  placed  at  first  super- 
ficial to  the  tendons,  and  then  lie  between 
them,  accompanied  by  the  digital  nerves  as  far  as  the  clefts  of  the  fingers, 
where  they  are  joined  by  the  anterior  interosseous  arteries,  branches  of  the 
deep  arch.  On  the  sides  of  the  fingers,  each  artery  lies  beneath  the  corre- 
spondkig  nerve,  and  gives  branches  which  supply  the  sheaths  of  the  tendons 
and  the  joints,  some  of  them  anastomosing  across  the  front  of  the  bones 
with  similar  branches  from  the  opposite  side.  At  about  the  middle  of  the 
last  phalanx,  the  two  branches  for  each  finger  converge  and  form  an  arch, 
from  which  proceed  numerous  small  ofisecs  to  supply  the  matrix  of  the  nail 
and  all  the  structures  at  the  tip  of  the  finger. 


[The  peculiarities  observed  in  the  branches  of  the  superficial  palmar  arch  will  be 
noticed  after  the  description  of  the  deep  arteries  of  the  hand.] 


RADIAL  ARTERY. 

The  radial  artery  appears  by  its  direction  to  be  the  continuation  of  the 
brachial,  although  it  does  not  equal  the  ulnar  in  size.  It  extends  along  the 
front  of  the  forearm  as  far  as  the  lower  end  of  the  radius,  below  which  it 
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turns  round  tho  outer  border  of  the  wrist  ; 
.ind  descends  to  tho  back  of  the  space  be- 
tween the  metacarpal  bones  of  the  thumb 
and  forefinger  :  there  it  passes  forwards 
into  the  palm  of  the  hand,  and  crosses  to- 
wai-ds  the  inner  side,  so  as  to  form  the 
deeper  palmar  arch.  In  consequence  of  the 
changes  in  its  course,  the  direction  and 
connections  of  the  radial  artery  may  be 
separately  described  in  the  forearm,  on  the 
wrist,  and  in  the  hand. 

Fig.  277. — Deep  Antehiou  View  op  the  Ak- 

TERIES    OP    TnB    AllM,    FoilBAHM,    AND  HAND 

(from  Tiedemaun).  i 

The  biceps  brachii,  the  pronator  teres  and  mus- 
cles rising  from  the  inner  condyle,  the  supinator 
longus,  the  lower  part  of  the  flexor  lougiis  pol- 
licis  and  flexor  profundus  digitorum,  the  anterior 
annular  ligament  of  the  carpus  and  the  muscles 
of  the  ball  of  the  thumb  have  been  removed  ;  n, 
pronator  quadratus  muscle ;  1,  lower  pai-t  of 
the  axillary  artery  continued  into  the  brachial ; 
2,  superior  profunda  branch ;  3,  inferior  pro- 
funda; 4,  anastomotic;  5,  upper  part  of  the  radial 
artery  and  radial  recurrent ;  5',  lower  part  of  the 
radial  artery  giving  off  the  superficialis  vote 
branch  ;  5",  the  radial  artery  emerging  from  be- 
tween the  heads  of  the  abductor  indicis  muscle  ; 
6,  6,  the  upper  part  of  the  ulnar  artery  with  the 
anterior  and  posterior  ulnar  recurrent  branches  ; 
6',  the  ulnar  artery  approaching  the  wrist  and 
descending  into  the  superficial  palmar  arch  which. 
has  been  cut  short ;  6",  the  deep  branch  of  the 
ulnar  artery  uniting  with  the  deep  palmar  arch  ; 
7  (marked  only  on  one),  three  interosseous  branches- 
from  the  deep  palmar  arch  joining  the  palmar 
digital  arteries  8,  8,  8,  which  have  been  cut  away 
from  their  origin  from  the  superficial  arch  to  near 
their  division  into  the  collateral  digital  arteries ; 
the  ulnar  collateral  of  the  little  finger  is  represented 
as  rising  in  this  instance  from  the  deep  ulnar  ar- 
tery ;  9,  placed  between  the  princeps  pollicis  and 
raclialis  indicis  branches  of  the  radial  artery  ;  10,. 
lower  part  of  the  anterior  interosseous  artery 
passing  behind  the  pronator  quadratus  muscle;  H, 
anastomosis  of  the  anterior  carpal  branches  of  the 
radial  and  ulnar  arteries  with  recurrent  branches^ 
from  the  deep  palmar  arch . 

In  the  forearm  the  radial  artery,  com- 
mencing at  the  point  of  bifurcation  of  the 
brachial  opposite  the  neck  of  the  radius, 
descends  at  first  somewhat  obliquely  out- 
wards in  a  Hue  with  the  bracliial  artery, 
and  then  nearly  vertically  along  the  outer 
part  of  the  front  of  the  forearm-  to  the 
styloid  process  of  the  radius.  Its  course 
may  be  indicated  by  a  line  drawn  from 

D  D  2 


896 


KADIAL  ARTERY. 


Fip.  278. 


the  middle  of  the  bend  of  the  elbow  to  the 
narrow  interval  between  the  trapezium  bone 
and  the  tendons  of  the  extensors  of  the 
thumb,  which  can  be  readily  felt  on  the 
outer  border  of  the  wrist. 

Fig.  278. — Arteries  op  the  Outer  and  Back 
Part  op  the  Arm  and  Hand,  Superfioial 
View  (from  Tiedemaan).  ^ 

a,  deltoid  muscle  ;  b,  external  humeral  head  of 
triceps ;  c,  biceps  bracbii ;  d,  brachialis  anticus  ; 
e,  supinator  longus ;  /,  extensor  carpi  radialis 
longior ;  g,  brevior ;  h,  extensor  communis  digi- 
torum  and  extensor  minimi  digiti ;  i,  extensor 
carpi  ulnaris ;  k,  anconeus;  Z,  flexor  carpi  ulnaris; 
m,  extensor  ossis  metacarpi  pollicis;  n,  extensor 
primi  internodii  pollicis  ;  o,  tendon  of  the  extensor 
secundi  internodii  pollicis;  1,  1,  branches  of 
superior  profunda  artery  appearing  between  the 
triceps  and  brachialis  anticus,  and  descending  on 
the  outer  supracondyloid  eminence  to  anastomose 
with  the  branches  of  the  recurrent  radial  ai  tery ; 
2,  above  the  posterior  annular  ligament  points  to 
the  posterior  carpal  branch  of  the  interosseous 
artery  ;  3,  posterior  carpal  branch  of  the  ulnar 
artery  ;  4,  radial  artery  taking  its  course  between 
the  outer  latei-al  ligament  of  the  wrist-joint  and 
the  tendons  of  the  extensor  muscles  before  passing 
near  5,  between  the  two  heads  of  the  abductor 
indicis  :  beneath  the  extensor  tendons  is  seen  the 
posterior  carpal  arch,  giving  the  third  and  fourth 
dorsal  interosseous  arteries  ;  6,  the  inner  dorsal 
artery  of  the  thumb  ;  7,  the  outer  dorsal  artery 
of  the  index  finger,  and  between  7,  and  7',  the 
remaining  dorsal  digital  vessels  in  the  spaces 
between  the  heads  of  the  metacarpal  bones,  near 
their  communications  with  tlie  palmar  digital 
vessels. 

The  radial  artery  is  nearer  to  the  surface 
than  the  ulnar,  and  is  covered  only  by 
the  common  integument  and  fascia,  except 
where  it  is  overlapped  by  the  fleshy  part  of 
the  supinator  longus,  which  must  be  drawn 
aside  in  order  to  bring  the  vessel  into  view. 
At  first  it  is  in  contact  with  the  tendon  of 
the  biceps,  and  is  supported  by  the  fatty 
tissue  contained  in  the  hollow  in  the  front 
of  the  elbow,  which  separates  it  from  the 
short  supinator  muscle.  It  then  rests  in 
succession  on  the  insertion  of  the  pronator 
teres,  the  thin  radial  origin  of  the  flexor 
sublimis,  the  flexor  poUicis  longus,  the 
pronator  quadratus,  and  the  lower  end  of 
the  radius.  It  is  at  this  last  point  that 
the  pulse  is  usually  felt  during  life.  To 
the  inner  side  of  this  vessel  lie  the  pronator 
teres  in  the  upper  part  of  its  course,  and 
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the  flexor  carpi  radialis  in  the  remainder  ;  and  on  the  outer  side,  in  its  whole 
course  along  the  forearm,  is  the  supinator  longus  muscle. 

Relation  to  Feins.— The  artery  is  accompanied  by  veniB  comites,  which 
have  the  usual  arrangement  of  those  veins. 

lielation  to  Nerves. — The  radial  branch  of  the  musculo-spiral  nerve  is 
placed  on  the  outer  side  of  the  artery  in  the  middle  third  of  its  course.  At 
the  elbow  that  nerve  is  separated  from  the  artery  by  a  considerable  interval  ; 
and  towards  the  lower  end  of  the  fore  arm  it  turns  backwards  beneath  the 
tendon  of  the  supinator  longus,  to  reach  the  dorsal  aspect  of  the  limb,  and 
thus  loses  all  connection  with  the  artery.  Some  filaments  of  the  external 
mtaneous  nerve  pierce  the  fascia  to  reach  the  lower  part  of  the  artery, 
which  they  accompany  to  the  back  of  the  carpus. 

At  the  ivrist  the  radial  artery  turns  outwards  between  the  styloid  process 
of  the  radius  and  the  carpus,  beneath  the  tendons  of  the  extensors  of  the 
metacarpal  bone  and  first  phalanx  of  the  thumb,  and  upon  the  external 
lateral  ligament  of  the  wrist-joint,  to  reach  the  back  of  the  carpus.  It  then 
runs  downwards  for  a  short  distance,  is  crossed  by  the  tendon  of  the 
extensor  of  the  second  phalanx  of  the  thumb,  and  reaching  the  upper  end  of 
the  space  between  the  first  and  second  metacarpal  bones,  turns  forwards 
iuto  the  palm  of  the  hand,  by  passing  between  the  heads  of  the  first  dorsal 
interosseous  muscle. 

As  it  turns  round  below  the  end  of  the  radius  the  artery  is  deep-seated, 
but  afterwards  comes  nearer  to  the  surface.  It  is  accompanied  by  two 
veins  and  by  some  filaments  of  the  external  cutaneous  nerve,  and  is  crossed 
by  subcutaneous  veins  and  by  filaments  of  the  radial  nerve. 

Bkanches. — The  branches  of  the  radial  artery  maybe  arranged  according 
as  they  are  given  off  in  the  fore  arm,  on  the  wrist,  and  in  the  hand. 

A..  The  brandies  which  arise  from  the  radial  in  the  fore  arm  are  the 
radial  recurrent,  the  muscular  branches,  the  anterior  carpal,  and  th.e 
supei'ficial  volar. 

(a)  The  radial  reourreni  artery,  which  varies  much  in  size,  arches  upwards 
from  the  radial  soon  after  its  origin,  running  between  the  branches  of  the 
musculo-spiral  nerve.  It  first  lies  on  the  supinator  brevis,  and  then  on  the 
brachialis  anticus,  being  covered  by  the  supinator  longus.  In  front  of  the 
outer  condyle,  and  in  the  interval  between  the  two  last  muscles,  it  anasto- 
moses with  the  terminal  branches  of  the  superior  profunda. 

From  the  lower  or  convex  side  of  this  artery  are  given  oflF  several  branches  ;  one, 
of  considerable  size,  to  the  supinator  and  extensor  muscles,  and  some  beneath  the 
latter  to  anastomose  with  the  posterior  interosseous  branches.  It  also  supplies  the 
supinator  brevis,  and  brachialis  anticus  in  part. 

(b)  The  anterior  radial  carpal  is  a  small  branch  which  arises  from  the 
radial  artery,  near  the  lower  border  of  the  pronator  quadratus,  and  runs 
inwards  in  front  of  the  radius.  It  anastomoses  with  the  anterior  ulnar 
carpal  artery,  so  as  to  form  an  arch  above  and  in  front  of  the  radio-carpal 
articulation,  from  which  branches  descend  to  supply  the  joints  at  the 
wrist. 

(c)  The  superficial  volar  (ramus  superficialis  voLe),  arising  from  the  radial 
artery,  near  the  place  where  it  leaves  the  front  of  the  forearm,  passes  on- 
wards into  the  hand.  In  size  it  is  variable  ;  in  most  instances  it  is  very 
small,  and  ends  in  the  muscles  of  the  thumb  ;  but  in  others  it  attains  con- 
siderable size,  and  crossing  those  muscles  at  their  origins,  terminates,  as  it 
is  usually  describerl,  by  inosculating  with  the  radial  extremity  of  the  super- 
ficial palmar  arch,  which  it  thus  completLS. 
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Several  unnamed  muscular  branches  are  given  by  the  radial  artery  to  the 
muscles  on  the  fore  part  of  the  arm . 

B.  The  branches  which  arise  from  the  radial  artery  behind  the  wrist  are, 
the  posterior  carpal,  the  metacarpal,  the  dorsal  arteries  of  the  thumb,  and 
the  dorsal  artery  of  the  index  finger. 

(a)  The  posterior  radial  carpal  is  a  small  but  constant  branch.  It  arises 
beneath  the  extensor  tendons  of  the  thumb,  and  running  inwards  on  the 
back  of  the  carpus  anastomoses  with  the  posterior  ulnar  carpal  branch, 
completing  the  arch  from  which  spring  the  dorsal  interosseous  ai'teries  of  the 
third  and  fourth  spaces  (p.  391).  It  anastomoses,  also,  with  the  terminal 
branch  of  the  anterior  interosseous  of  the  fore  arm. 

(6)  The  first  dorsal  iutcrosseous  or  metacarpal  branch  arises  beneath  the 
extensor  tendons  of  the  thumb,  frequently  in  common  with  the  posterior 
carpal  branch,  passes  to  the  interval  between  the  second  and  third 
metacarpal  bones,  communicates  with  the  corresponding  perforating  branch 
of  the  deep  palmar  arch,  and  descending  on  the  second  dorsal  interosseous 
muscle  anastomoses  with  the  palmar  digital  branch  at  its  division  between 
the  fiugers. 

Tig.  279. — Deep  View  of  the  Arteries  op  the 
Wrist  and  Hand,  from  before  (from  R. 
Quain).  J 

The  anterior  annular  ligament  of  the  carpus  bas 
been  divided  and  the  lower  part  of  the  common 
flexors  and  flexor  of  the  thumb  has  been  re- 
moved ;  portions  of  these  tendons  are  represented 
as  turned  down  upon  the  fingers  with  parts  of  the 
lumbricales  muscles;  the  superficial  palmar  arch  is 
removed,  and  the  interossei  muscles  are  exposed, 
•o,  ulnar  nerve ;  6,  tendon  of  the  flexor  carpi 
•ulnaris  muscle  ;  c,  tendon  of  the  flexor  carpi 
radialis  ;  d,  inserted  tendon  of  the  extensor  ossis 
metacarpi  poUicis  ;  1,  radial  artery  ;  1',  its  lower 
part  before  passing  back  within  the  extensor  ten- 
dons of  the  thumb,  giving  the  anterior  carpal  and 
superficial  volar  branches ;  2,  ulnar  artery ;  3, 
anterior  interoeseous  artery  before  passing  behind 
the  pronator  quadratus  muscle  ;  4,  radial  artery, 
appearing  deeply  in  the  palm  between  the  first  and 
•second  metacarpal  bones  and  passing  iuto  the  deep 
palmar  arch  ;  5,  deep  branch  of  the  ulnar  artery 
dipping  between  the  abductor  and  flexor  brevis 
minimi  digiti  to  join  the  deep  arch,  and  accom- 
panied by  the  deep  branch  of  the  ulnar  nerve  ;  6, 
a  palmar  digital  artery  rising  from  the  first  part  of 
the  superficial  palmar  arch  ;  7,  the  princeps  pol- 
licis,  and  8,  the  radialis  indicis  arteries  rising 
from  the  radial  artery ;  9,  9,  9,  interosseous 
branches  of  tbe  deep  palmar  arch  proceeding 
down  on  the  interosseous  muscles  to  join  the 
palmar  digital  arteries  from  the  superficial  arch. 

(c)  The  dorsal  arteries  of  the  thumb,  two 
small  branches,  arising  separately  or  together  opposite  the  head  of  the  meta- 
carpal bone,  run  upon  the  dorsal  aspect  of  the  bones  of  the  thumb,  one  at 
the  radial,  the  other  at  the  ulnar  border. 

(d)  The  dorsal  artery  of  the  index  finger,  a  very  small  branch,  arises 
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lower  down  than  the  preceding,  and  sending  branches  to  the  abductor 
indicis,  runs  along  the  radial  side  of  the  back  of  the  index  finger. 

c.  The  branches  derived  from  the  radial  after  it  has  entered  the  hand, 
are,  the  great  artery  of  the  thumb,  the  radial  branch  of  the  index  finger, 
and  its  large  terminal  branch,  which  forms  the  deep  palmar  arch. 

(a)  The  lanje  artery  of  the  tlmmb  (arteria  princeps  poUicis, — Haller)  arises 
from  the  radial,  Avhere  it  is  about  to  turn  inwards  across  the  palm  of  the 
hand.  It  descends  in  front  of  the  abductor  indicis,  between  the  metacarpal 
bone  of  the  thumb  and  the  muscles  covering  it,  to  the  space  between  the 
lower  ends  of  the  flexor  brevis  poUicis.  At  that  point,  and  beneath  the 
tendon  of  the  long  flexor,  it  divides  into  two  collateral  branches,  which 
coiirse  along  the  borders  of  the  phalanges,  on  the  palmar  aspect,  and  unite 
in  front  of  the  last  phalanx,  to  form  an  arch  similar  in  arrangement  to  that 
on  the  other  fingers. 

(6)  Tlie  radial  branch  for  the  mdex  finger  generally  arises  close  to  the 
large  artery  of  the  thumb  ;  but  though  constantly  found,  it  varies  in  size 
and  in  its  mode  of  origiu.  It  descends  between  the  abductor  indicis  and 
adductor  pollicis  muscles,  and  continues  along  the  radial  border  of  the  index 
finger,  forming  the  radial  collateral  branch  of  that  finger,  and  aaastomosing 
in  the  usual  manner  on  the  last  phalanx  with  the  ulnar  collateral  branch 
derived  from  the  superficial  palmar  arch. 

This  artery  very  frequently  gives  off  a  communicating  branch  to  the  superficial 
arch,  near  the  lower  border  of  the  adductor  pollicis.  But  the  most  frequent  com- 
munication between  the  radial  artery  and  the  superficial  arch  is  by  means  of  the  small 
branch  which  proceeds  from  the  former  through  the  muscles  of  the  thumb. 


Peouliabities. — Origin.— In  the  observations  of  Richard  Quain,  the  radial  artery 
was  found  to  arise  higher  up  than  usual  in  nearly  one  case  in  eight. 

Course. — The  radial  artery  more  rarely  deviates  from  its  usual  position  along  the 
fore  arm  than  the  ulnar. — It  has,  however,  been  found  lying  upon  the  fibrous  expan- 
sion from  the  tendon  of  the  biceps,  and  over  the  fascia  of  the  fore  arm,  instead  of 
beneath  those  structures.  This  vessel  has  been  also  observed  on  the  surface  of  the 
long  supinator,  instead  of  on  the  inner  border  of  that  muscle.  In  turning  round  the 
wrist,  it  has  been  seen  passing  over  the  extensor  tendons  of  the  thumb,  instead  of 
within  them.  But  these  several  peculiarities  are  of  very  rare  occurrence.  As  was 
previously  stated  (p.  387),  the  vasa  aberrantia  occasionally  derived  from  the  bra- 
chial or  axillary  arteries  most  commonly  end  by  joining  the  radial,  or  one  of  its 
branches. 

Branches. — The  radial  recurrent  is  sometimes  very  large,  or  it  may  be  re- 
placed by  several  separate  branches.  When  the  radial  itself  arises  high  up,  the 
recurrent  artery  usually  comes  from  the  residual  brachial  trunk,  or  sometimes  from 
the  ulnar  artery,  or  more  rarely  from  the  interosseous.  When  given  from  the 
brachial  trunk,  the  radial  recurrent  has  been  found  crossing  beneath  the  tendon 
of  the  biceps. 

The  superficial  volar  branch  is  small  in  a  considerable  number  of  cases,  and  is  lost 
in  the  short  muscles  of  the  thumb,  without  forming  any  connection  with' the  palmar 
arch,  or  with  any  of  the  digital  arteries. 

In  some  instances  in  which  it  is  enlarged,  it  furnishes  one  or  two  digital  branches 
and  along  with  this  the  anastomosis  with  the  superficial  arch  mav  be  absent  The 
superficial  volar  branch  occasionally  arises  as  much  as  an  inch  and  a  half  highe"r  than 

The  first  dorsal  interosseous  branch  (metacarpal),  which  descends  on  the  second 
interosseous  space  to  the  cleft  between  the  index  and  middle  fingers,  is  not  unfrc 
quently  so  large  as  to  urnish  the  collateral  digital  branch  to  each  of  those  fingers. 
« J  r,r'^1  (metacarpal)  branches  of  the  radial  are  sometimes 

smnll,  their  place  being  supplied  by  the  perforating  offset  of  the  anterior  interosseous 
apparently  by  an  enlargement  of  the  ordinary  anastomosis  between  them 
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DEEP  PALMAR  ARCH. 

The  deep  palmar  arch,  the  continuation  of  the  radial  artery,  commences 
at  the  upper  end  of  the  first  interosseous  space  between  the  heads  of  the 
ab(luctor  indicis,  turns  transversely  across  the  palm  towards  the  fourth 
metacarpal  bono,  and  inosculates  with  the  communicating  branch  of  the 
ulnar  artery.  Tlie  convexity  of  the  arch  thus  formed  is  directed  downwards. 
It  rests  on  the  mterosseous  muscles  and  on  the  metacarpal  bones  immediately 
below  their  carpal  extremities,  and  is  covered  by  the  flexor  brevis  pollicis, 
the  flexor  tendons  of  the  fingers,  and  the  muscles  of  the  little  finger.    It  is 

nearer  to  the  carpus  than  the  superficial 
arch,  and  difi'ers  from  it  in  retaining  its 
size  almost  undiminished.  It  is  in  part 
accompanied  by  the  deep  branch  of  the  ulnar 
nerve,  which  runs  from  the  inner  end  of 
the  arch  outwards. 

Branches  : — 

(a)  The  recurrevt  branches  (rami  retrogradi, 
— Haller),  from  the  upper  concave  side,  ascend 
and  anastomose  with  the  branches  from  the  an- 
terior carpal  arch. 

(6)  The  superior  perforating  branches,  three 
in  number,  pass  backwards  through  the  upper 
extremities  of  the  last  three  interosseous  spaces 
to  inosculate  with  the  dorsal  interosseous  ar- 
teries. 

(c)  The  palmar  interosseous  arteries,  usually 
three  in  number,  but  very  liable  to  variation,  lie 
in  front  of  the  interosseous  spaces,  supply  the 
muscles  there,  and  anastomose  at  the  clefts  of 
the  fingers  with  the  digital  branches  from  the 
superficial  arch. 

It  is  by  an  enlargement  of  these  small  vessels 
that  the  deep  palmar  arch  sometimes  supplies 
the  corresponding  digital  arteries  in  the  absence 
of  those  usually  derived  from  the  superficial 
arch. 


Fig.  280. — Dissection  of  the  Left  Arm,  show- 
ing AN  enlarged  Median  Artery  which  re- 
places THE  Radial  and  Ulnar  Arteries  in 
THE  SUPPLY  OP  Palmar  Digital  Arteries  to 


half  the  Fingers  (from  Tiedemann). 


1,  lower  part  of  the  brachial  artery ;  2, 
radial  artery,  not  giving  any  superficial  volar 
branch  ;  3,  recurrent  radial  branch ;  4,  ulnar 
artery  passing  superficially  over  the  wrist  and 
supplying  at  4',  digital  arteries  to  half  the  hand  ; 
5,  the  enlarged  median  artery  passing  in  front  of 
the  annular  ligament  of  the  carpus,  and  sup- 
plying 6',  digital  vessels  to  the  outer  half  of  the 
hand. 


VARIOUS  CONDITIONS  OF  THE  ARTERIES  OE  THE  HAND. 

The  arteries  of  the  hand  frequently  vary  from  their  usual  mode  of  distribution. 
(a)  By  far  the  larger  number  of  deviations  consist  of  a  deficiency  in  either  the 
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radial  or  ulnar  system  of  arteries,  accompanied  by  a  corresponding  increase  in  the 
other  ;  and  it  may  be  observed  that  the  defect  is  much  more  commonly  on  the  part 
of  the  superficial,  and  the  increase  on  the  part  of  the  deep  set. 

{b)  In  a  second  and  smaller  class  of  variations  a  deficiency  in  one  or  other  of  the 
two  systems  ia  supplied,  either  by  the  enlargement  of  branches  which  descend  in 
front  of  the  limb,  as  the  superficial  volar  (from  the  radial),  or  the  median  artery 
(from  the  anterior  interosseous),  or  by  the  enlargement  of  a  metacarpal  branch  (from 
the  radial)  on  the  back  of  the  hand. 

In  illustration  of  these  general  remarks,  the  following  modes  of  arrangement  of 
the  vessels  may  be  mentioned  : — 

In  the  greater  number  of  cases  the  superficial  palmar  arch  is  diminished,  and 
gives  off  fewer  digital  branches  than  usual.  Generally  only  one  branch  is  wanting, 
viz.,  that  which  supplies  the  adjacent  sides  of  the  fore  and  middle  fingers  ;  but  some- 
times two  or  three  branches  are  absent,  or  even  all  four,  as  when  the  ulnar  artery, 
after  giving  branches  to  the  short  muscles  of  the  little  finger,  ends  in  the  deep  pal- 
mar arch.  In  the  last-mentioned  case,  which  is  rare,  it  is  obvious  that  the  superficial 
arch  is  altogether  wanting. 

These  various  deficiencies  in  the  superficial  palmar  arch  and  its  branches  arc 
usually  compensated  for  by  an  enlargement  of  the  deep  arch,  the  palmar  inter- 
osseous branches  of  which,  being  inci-eased  in  size,  divide  at  the  clefts  of  the  fingers, 
and  form  such  collateral  digital  branches  as  are  not  derived  from  the  usual  source. 
But  a  defective  superficial  arch  may,  as  before  mentioned,  be  reinforced  from  other 
vessels,  viz.,  from  the  superficial  volar,  from  an  enlarged  median  artery,  or  from  a 
large  metacarpal  branch. 

It  sometimes,  but  more  rarely,  happens,  that  the  radial  system  of  vessels  is  defi- 
cient ;  in  which  case  the  superficial  arch  (which  belongs  to  the  ulnar  system)  may 
supply  all  the  digital  arteries  to  the  thumb  and  fingers,  or  one  of  these  may  be  derived 
from  the  superficial  volar,  the  median,  or  the  radial  interosseous  artery. 


DESCENDING  AORTA.— THORACIC  AORTA. 

From  the  point  at  wliich  its  arch  is  considered  to  terminate — the  lower 
margin  of  the  third  dorsal  vertebra,  the  aorta  descends  along  the  fore  part 
of  the  spine  to  the  fourth  lumbar  vertebra,  where  it  divides  into  the  common 
iliac  arteries.  The  direction  of  this  part  of  the  vessel  is  not  vertical,  for  as 
it  follows  the  bend  of  the  spine,  upon  which  it  rests,  it  is  necessarily  con- 
cave forwards  in  the  dorsal  region,  and  convex  forwards  in  the  lumbar. 
Again,  as  its  commencement  is  at  the  left  side  of  the  bodies  of  the  vertebra' 
and  its  termination  also  inclined  a  little  to  the  left,  whilst  about  the  last 
dorsal  vertebra  the  vessel  is  nearly  upon  the  median  line,  there  is  produced 
another  slight  curve,  the  convexity  of  which  is  to  the  right  side.  Within 
the  thorax,  where  the  offsets  are  small,  the  aorta  diminishes  only  slightly  in 
size  ;  in  the  abdomen  the  diminution  is  considerable,  in  consequence  of  large 
branches  being  furnished  to  the  viscera  of  that  cavity. 

That  part  of  the  descending  aorta  which  is  situated  in  the  thorax  is  called 
the  thoracic  aorta  ;  it  extends  from  the  lower  border  of  the  thi^d  dorsal 
vertebra  on  the  left  side,  to  the  opening  between  the  crura  of  the  diaphracrm 
in  front  of  the  last  dorsal  vertebra.  It  lies  in  the  back  part  of  the  inter- 
pleural space  or  mediastinum,  being  placed  before  the  spine  and  behind  the 
1  r  ^  '""f     '  pericardium  ;  on  the  left  side  it  is  in  contact 

with  the  corresponding  pleura  and  lung,  and  close  on  the  right  side  are  the 
azygos  vem  the  thoracic  duct,  and  the  a3sophagus.     The  Esophagus  how! 

nir; th7l    V      ^"7'  P''*  '''''''^      ^  f-"*  °f  the  arle';,  and 

near  the  diaphragm  gets  somewhat  to  the  left  side.  The  left  or  small  azvTos 
vein  crosses  behind  the  thoracic  aorta. 

The  brar^ches  derived  from  the  thoracic  aorta  are  numerous,  but  small. 
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They  are  distributed  to  the  walls  of  the  thorax,  and  to  the  viscera  con- 
tained within  it — the  latter  being  much  the  smaller  and  least  numerous 
branches. 

A.  The  branches  to  the  viscera  are  very  irregular  in  their  number  and 
place  of  origin.     They  are  as  follows  : — 

The  pericardiac  branches  are  some  very  small  and  irregular  vessels  which 
pass  forwards  and  ramify  on  the  pericardium. 

The  Bkonchial  Akteries  are  the  proper  nutritious  arteries  of  the  sub- 
stance of  the  lung  :  they  accompany  the  bronchial  tubes  in  their  ramifications 
through  that  organ,  and  they  also  supply  the  bronchial  glands,  and  in  part 
the  oesophagus.  These  vessels  vary  frequently  in  number,  and  in  their 
mode  of  origin.  The  bronchial  artery  of  the  right  side  arises  from  the  first 
aortic  intercostal  artery,  or  by  a  common  trunk  with  the  left  bronchial 
artery  from  the  thoracic  aorta  ;  on  the  left  side  there  are  generally  two 
bronchial  arteries,  both  of  which  arise  from  the  thoracic  aorta,  one  near  the 
commencement  of  that  trunk,  and  the  other,  named  inferior  bronchial, 
lower  down.  Each  artery  is  usually  directed  to  the  back  part  of  the 
corresponding  bronchus,  along  which  it  runs,  dividing  and  subdividing  with 
the  successive  bronchial  ramifications  in  the  substance  of  the  lung. 

Peculiarities  of  the  bronchial  arteries. — The  place  of  origin  is  liable  to  much 
variation.  The  artery  of  the  right  side  has  been  found  to  arise  singly  from  the  aorta, 
from  the  internal  mammary,  or  from  the  inferior  thyroid.  The  bronchial  arteries  of 
the  two  sides  have  been  seen  to  arise  by  a  common  trunk  from  the  subclavian.  (Haller.) 
Two  common  trunks,  each  furnishing  a  branch  to  the  right  and  left  lungs,  have  been 
observed  in  a  single  case  to  descend  into  the  thorax  after  arising,  one  from  the  in- 
ternal mammary,  and  the  other  from  the  superior  intercostal  artery.  (R.  Quain, 
pi.  26,  f.  5.)    Instances  occur  of  two  distinct  bronchial  arteries  for  each  lung. 

The  CEsophageal  Arteries  are  variable  in  size  and  number.  There  are 
usually  four  or  five,  which  arise  from  the  fore  part  or  right  side  of  the 
aorta,  and  run  obliquely  downwards  upon  the  oesophagus,  supplying  its 
coats. 

Their  lower  branches  anastomose  with  the  ascending  offsets  of  the  coronary  artery 
of  the  stomach,  while  then-  upper  branches  communicate  with  those  of  the  inferior 
thyroid  artery. 

Posterior  mediastinal  branches  of  the  aorta,  small  and  irregular,  supply 
the  glands  and  loose  tissue  of  the  posterior  mediastinum. 

B.  The  branches  furnished  by  the  aorta  to  the  waUs  of  the  thorax  are 
named  intercostal  from  their  distribution. 

The  intercostal  arteries  arise  from  the  posterior  part  of  the  aorta, 
and  run  outwards  upon  the  bodies  of  the  vertebrte,  to  reach  the  intercostal 
spaces.  They  are  usually  ten  in  number — the  upper  intercostal  space,  and 
occasionally  also  the  second,  being  supplied  by  the  superior  intercostal 
branch  of  the  subclavian  artery.  Owing  to  the  position  of  the  aorta  to  the 
left  side  of  the  spine,  the  right  aortic  intercostals  cross  over  the  front  of 
the  vertebrEB,  furnishing  small  branches  to  their  interior,  and  are  longer 
than  the  arteries  of  the  left  side.  The  vessels  of  both  sides  pass  outwards 
behind  the  pleura,  and  are  crossed  by  the  sympathetic  nerve  :  those  of  the 
right  side  also  pass  behind  the  oesophagus,  the  thoracic  duct,  and  the  azygos 
vein. 

In  each  intercostal  space  the  artery,  passing  outwards  more  hori- 
zontally than  the  ribs,  crosses  the  space  obliquely,  so  as  to  gain  the 
lower  border  of  the  upper  rib  near  its  angle.  It  lies  upon  the  deep 
surface  of  the  external  intercostal  muscle,  and  in  the  back  of  the  space 
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is  separated  from  the  pleura  by  a  fascia  only,  but  further  outwards  it  lies 
between  the  two  layers  of  intercostal  muscles.    Extending  forwards  in  con- 


Fig.  281.— View  op  the  Fig.  281. 

TlIOKAOIO      AND  UpPEH 

Part  op  the  Abdomi- 
nal AOKTA,  &o.  i 

For  tl)e  general  descrip- 
tion of  tliis  figure,  see  p.  334. 
The  followiug  numbers  in- 
dicate the  branches  of  the 
aorta ;  1,  placed  between 
the  origins  of  the  right  and 
left  coronary  arteries  ;  2 , 
innomiuate ;  3,  left  carotid ; 
4,  left  subclaviau ;  5,  bron- 
chial ;  6,  6,  oesophageal ;  7, 
7,  intercostal  arteries  (sixth 
and  seventh) ;  8,  inferior 
phrenic;  9,  coeliac  axis;  10, 
below  the  superior  mesen- 
teric and  opposite  the  origin 
of  the  renal  arteries  ;  11, 
11,  two  of  the  lumbar 
arteries. 

tact  with  the  rib  above, 
it  fiually  anastomoses 
with  one  of  the  anterior 
intercostal  branches  do- 
rived  from  the  inter- 
nal mammary  artery, 
and  with  the  thoracic 
branches  of  the  axillary 
artery. 

The  first  of  the  aortic 
intercostal  arteries  has 
an  anastomosis  with  the 
superior  intercostal  pro- 
ceeding from  the  sub- 
clavian artery ;  and  the 
last  three  are  prolonged 
into  the  abdominal  mus- 
cles, where  they  com- 
municate with  the  epi- 
gastric artery  in  front, 
with  the  phrenic  arteries 
at  the  side,  and  with 
the  lumbar  branches  of 
the  abdominal  aorta 
lower  down. 

Each  intercostal  ar- 
tery is  accompanied,  as 
it   runs   outwards  be- 
tween the  ribs,  by  a  corresponding  vein,  and  by  one  of  the  dorsal  nerves 
the  vein  usually  being  uppermost,  and  the  artery  next  below  it. 
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Branches.— The  named  branches  of  the  intercostal  arteries  are  the 
following  : — 

(a)  The  posterior  or  dorsal  branch  of  each  intercostal  artery  passes  back- 
wards to  the  inner  side  of  the  anterior  costo- transverse  ligament,  along  with 
the  posterior  branch  of  the  corresponding  spinal  nerve;  and  having  furnished 
an  offset  to  the  spinal  canal,  reaches  the  muscles  of  the  back,  and  divides 
into  an  internal  and  an  external  branch.  The  internal  branch  is  directed 
towards  the  spinous  processes,  on  or  through  the  multifidus  spinaj,  and 
ramifies  in  the  muscles  and  the  skin.  The  external  branch  turns  outwards 
under  the  longissimus  dorsi,  and  is  distributed  between  that  muscle  and 
the  sacro-lumbalis  ;  some  twigs  reach  the  superficial  muscles  and  the 
integuments. 

The  spinal  bra-nches  of  the  aortic  intercostal  arteries  are  distributed  partly  to  the 
cord  and  its  membranes,  and  partly  to  the  bones,  in  the  same  manner  as  the  spinal 
branches  of  the  lumbar  arteries,  to  the  description  of  which  the  reader  is  referred. 

(h)  The  collateral  intercostal  branch,  long  and  slender,  arises  near  the 
place  where  the  main  trunk  comes  in  contact  with  the  upper  rib  of  the 
space,  and  inclining  downwards  approaches  the  border  of  the  lower  rib, 
supplying  the  bone  and  the  intercostal  muscles,  and  anastomosing  in  front 
with  an  anterior  intercostal  branch  of  the  internal  mammary  artery.  There 
are  thus  in  each  intercostal  space  two  terminal  branches  of  the  intercostal 
arteries  communicating  with  the  branches  of  the  internal  mammary. 


ABDOMINAL  AORTA. 

The  aorta,  after  having  passed  the  diaphragm,  is  thus  named.  It  com- 
noences  on  the  front  of  the  last  dorsal  vertebra,  and  terminates  below  by 
dividing  into  two  trunks,  named  the  common  iliac  arteries.  The  bifurcation 
usually  takes  place  about  half  way  down  the  body  of  the  fourth  lumbar 
vertebra,  a  little  to  the  left  of  the  middle  line  ;  a  point  which  is  nearly 
on  a  level  with  a  line  drawn  from  the  one  crista  ilii  to  the  other,  and 
opposite  the  left  side  of  the  umbilicus. 

The  anterior  surface  of  the  abdominal  aorta  is  successively  in  apposition 
with  the  pancreas  and  the  splenic  vein,  the  left  renal  vein,  the  third  portion 
of  the  duodenum,  and  the  peritoneum.  The  vena  cava  lies  along  its  right 
side,  the  right  crus  of  the  diaphragm  being  interposed  at  the  upper  part  of 
the  abdomen  ;  close  to  the  same  side  are  the  thoracic  duct  and  the  azygos 
vein,  which  are  placed  between  the  aorta  and  the  right  cms  of  the  dia- 
phragm. The  aorta  is  also  covered  in  front  by  meshes  of  nerves  derived 
from  the  sympathetic,  and  numerous  lymphatic  vessels  and  glands. 

Fig,  282. — Tinw  of  the  Abdominal  Aorta  and  its  Peikoipal  Branches  (from 

Tiedemann).  ^ 

a  ensiform  portion  of  the  sternum  ;  b,  vena  cava  inferior  passing  through  the  tendon 
of  the  diaphragm  ;  c,  the  oesophagus  passing  through  tbe  muscular  portion  ;  d,  tendinous 
part  of  the  right,  e,  of  the  left  crus  ;  /,  /,  the  right  and  left  kidneys  with  their  supra- 
renal bodies  ;  y,  g',  the  ureters;  h,  the  upper  part  of  the  urinary  bladder;  i,  i,  the  right 
and  left  vasa  deferentia  passing  up  from  the  bladder  to  the  internal  inguinal  apertures  ; 
k  the  rectum,  divided  and  tied  near  its  upper  part  ;  1,  1,  the  abdominal  aorta  ;  1',  the 
middle  sacral  artery  ;  2,  2',  the  right,  3,  3',  the  left  inferior  phrenic  arteries,  represented 
as  arising  by  a  short  common  stem  from  the  front  of  the  aorta  immediately  below  the 
meeting  of  the  crura  of  the  diaphragm ;  4,  the  trunk  of  tiie  coeliac  axis  ;  5,  the  superior 
mesenteric  artery  ;  6,  6,  the  renal  arteries ;  6',  U',  the  supiarenal  arteries  arising  partly 
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from  the  aorta  and  partly  from  tlie  inferior  phrenic  ;  7,  placed  on  the  front  of  the  aorta 
below  the  origin  of  the  spermatic  arteries  ;  7,  7',  placed  on  the  psoas  muscles,  point  to 
the  right  and  left  spermatic  arteries  as  they  descend  to  the  internal  inguinal  apertures  ; 
8,  inferior  mesenteric  artery  ;  9,  lumbar  arteries,  of  which  the  lowest  is  here  represented 
as  proceeding  from  the  middle  sacral  artery;  10,  common  iliac  arteries;  11,  between 
the  external  and  internal  iliac  arteries  ;  12,  left  epigastric  artery  ;  13,  circumflex  iliac  ; 
14,  brauches  of  the  ilio-lumbar. 


Fig.  282. 
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Branches. —Tlio  abdominal  aorta  gives  numerous  branches,  which  may 
be  divided  into  two  sets,  viz.,  those  which  supply  the  viscera,  and  those 
which  are  distributed  to  the  walls  of  the  abdomen.  The  former  consists  of 
the  ccehac  artery,  the  superior  mesenteric,  the  inferior  mesenteric,  the  cap- 
sular, the  renal,  and  the  spermatic  arteries;  whilst  in  the  latter  are  included 
the  phrenic,  the  lumbar,  and  the  middle  sacral  arteries.  The  three  first  of 
the  visceral  branches  are  single  arteries. 

Peoultarities.— Pom<  of  division.— In  more  than  three-fourths  of  a  considerable 
number  of  cases,  the  aorta  divided  either  upon  the  fourth  lumbar  vertebra,  or  upon 
the  intervertebral  disc  below  it ;  in  one  case  of  nine  it  was  below,  and  in  about  one 
of  eleven  above  the  spot  thus  indicated.  In  ten  bodies  out  of  every  thirteen,  the  divi- 
sion of  the  great  artery  took  place  within  half  an  inch  above  or  below  the  level  of  the 
iliac  crest ;  and  it  occurred  more  frequently  below  than  above  the  fourth  interver- 
tebral space.  (R.  Quain,  op.  cit.  p.  415.)  An  instance  of  bifurcation  immediately 
below  the  origin  of  the  right  renal  artery  is  recorded  by  Haller  (Disputat.  Anatom. 
t.  vi.  p.  781). 

Unusual  Branch.— A  very  remarkable  case  is  recorded  of  the  existence  of  a  large 
pulmonary  branch  which  arose  from  the  abdominal'  aorta,  close  to  the  celiac  artery, 
and  after  passing  upwards  through  the  eesophageal  opening  in  the  diaphragm,  divided 
into  two  branches,  which  were  distributed  to  the  lungs  near  their  bases.  (Referred  to 
by  K.  Quain  in  his  work  "  On  the  Arteries,"  p.  416.) 


A.— VISCERAL  BRANCHES  OF  THE  ABDOMINAL  AORTA. 

I.    CCELIAC  ARTERY  OB  AXIS* 

The  cocUac  artery,  a  short  and  wide  vessel,  arises  from  the  aorta  close 
to  the  margin  of  the  diaphragm.  It  is  directed  forwards  nearly  horizon- 
tally, and  is  not  more  than  half  an  inch  long.  It  is  behind  the  small 
omentum,  and  lies  close  to  the  left  side  of  the  lobulus  Spigelii  of  the  liver, 
and  above  the  pancreas,  the  two  semilunar  ganglia  being  contiguous  to  it, 
one  on  each  side.  This  artery  divides  into  three  branches,  viz.,  the  coro- 
nary artery  of  the  stomach,  the  hepatic  and  the  splenic,  which  separate 
simultaneously  from  the  end  of  the  artery  like  radii  from  an  axis. 

Peculiarities. — The  cceliac  axis  is  occasionally  partly  covered  at  its  origin  by  the 
diaphragm.  It  may  be  longer  than  usual,  in  which  case  its  branches  are  not  given 
off  together;  or  it  may  be  entirely  wanting,  the  coronary,  hepatic,  and  splenic 
arteries  arising  separately  from  the  aorta.  In  some  cases  the  coeliac  artery  gives  off 
only  two  branches  at  its  division  (the  coronary  and  the  splenic),  the  hepatic  being 
supplied  from  another  source.  Rarely,  it  gives  more  than  three  branches  to  the 
viscera,  the  additional  vessel  being  a  second  coronary,  or  a  separate  gastro-duodenal 
artery.  One  or  both  phrenic  arteries  are  sometimes  derived  from  this  trunk.  Cases 
have  been  met  with  in  which  a  connection  existed  between  the  cceliac  axis  and  the 
superior  mesenteric  artery  close  to  their  origin. 

Fig.  283. — The  Arteries  op  the  Stomach,  Liver,  and  Omentum 
(from  TiedemaDn).  5 
The  liver  is  turned  up  so  as  to  show  its  lower  surface  with  the  transverse  fissure  or 
porta,  and  the  vessels  and  ducts  entering  it.  a,  the  right  lobe  of  the  liver  ;  b,  the  left 
lobe  ;  c,  the  gall  bladder ;  c',  the  biliary  or  hepatic  ducts  ;  c",  the  ductus  comniuuis 
choledochus  ;  d,  the  front  of  the  antero-posterior  fissure  and  the  round  ligament ;  e,  the 
cardiac  orifice  of  the  stomach  ;  /,  on  the  great  curvature  of  the  stomach  near  its  cardiac 
end,  points  to  the  spleen  ;  g,  the  pylorus  ;  h,  the  duodenum  ;  i,  the  great  omentum  ;  k, 
some  of  the  small  intestines  in  the  lower  part  of  the  abdomen  ;  1,  upon  the  trunk  of  the 
abdominal  aorta,  below  the  root  of  the  inferior  phrenic  arteries,  and  above  the  cceliac 
axis ;  2,  placed  on  the  meeting  of  the  crura  of  the  diaphragm,  the  coronary  artery  of  the 
stomach  ;  2',  the  same  artery  proceeding  round  tlie  small  curvature  of  the  stomjich  and 
ending  by  anastomosis  with  the  superior  pyloric  ;  3,  the  main  hepatic  artery,  contmued 
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epiploic  as  weU  as  gastric  branches. 


1.  Thb  Coronary  Artery  of  the  Stomach,  the  smallest  of  the  three 
visceral  branches  derived  from  the  coeliac  artery,  inclining  upwards  and  to 
the  left  side,  roaches  the  cardiac  orifice  of  the  stomach,  and  then  proceeding 
along  the  smaller  curvature  of  the  stomach,  from  left  to  right,  gives  branches 
to  both  siiles  of  that  viscus  and  inosculates  with  the  pyloric  branch  of  the 
hepatic  artery. 

Where  it  first  reaches  the  stomach,  this  artery  sends  upwards  auiopharjeal  branches, 
which  anastomose  with  the  aortic  cesopliageal  arteries.   The  branches  to  the  stomacli, 
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de5?ccnding  on  the  fore  and  back  part  of  the  organ,  anastomose  with  branchea  from 
the  arterial  arcli  on  tlie  great  curvature. 

Tlie  coronary  artery  of  the  stomach  is  sometimes  given  off  directly  from  the  aorta  : 
and  is  occasionally  replaced  by  two  separate  vessels.  It  sometimes  furnishes  an 
additional  hepatic  artery. 

2.  The  Hepatic  Artery  is  in  the  adult  intermediate  in  size  between  the 
coronary  and  splenic  arteries,  but,  in  the  foetus,  it  is  the  largest  of  the  three. 
The  main  part  of  this  vessel  inclines  upwards  and  to  the  right  side,  be- 
tween the  layers  of  the  small  omentum,  and  in  front  of  the  foramen  of 
Winslow,  towards  the  transverse  fissure  of  the  liver  ;  and  in  this  course  it 
lies  upon  the  vena  portse  and  to  the  left  of  the  bile  duct. 

Near  the  transverse  fissure  of  the  liver,  the  hepatic  artery  divides  into 
right  and  left  branches,  which  supply  the  corresponding  lobes  of  that  organ. 
The  left,  the  smaller  division,  lying  in  front  of  the  vena  portoe,  diverges  at 
an  acute  angle  from  the  other  branch,  and  turns  outwards  to  reach  the  left 
extremity  of  the  transverse  fissure  of  the  liver,  where  it  enters  that  organ. 

The  right  hepatic  artery  inclines  outwards  to  the  right  extremity  of  the 
transverse  fissure,  and  divides  into  bwo  or  three  branches  before  entering 
the  liver.  The  ramifications  of  the  hepatic  arteiy  in  the  liver  accompany 
the  divisions  of  the  vense  portse  and  hepatic  ducts. 

Branches. — The  named  branches  of  the  hepatic  artery  are  as  follow  : — 

(a)  The  pyloric  artery,  coming  in  contact  with  the  stomach  at  the  upper 
border  of  the  pylorus,  extends  from  right  to  left  along  the  smaller  curvature 
and  inosculates  with  the  coronary  artery.  It  is  sometimes  a  branch  of  the 
gastro-duod  enal. 

(6)  The  gastro-duodenal  artery,  of  considerable  size,  separating  from,  the 
hepatic  artery  before  that  vessel  ascends  in  the  small  omentum,  descends 
behind  the  duodenum,  near  the  pylorus,  and  reaches  the  lower  border  of 
the  stomach  ;  there  it  gives  oflf  the  pancreatico-duodenal  branch,  and  its 
remaining  part,  which  receives  the  name  of  right  gastro- epiploic,  runs  from 
right  to  left  along  the  great  curvature  of  the  stomach,  between  the  layers  of 
the  great  omentum,  and  finally  inosculates  with  the  left  gastro-epiploic 
derived  from  the  splenic  arteiy. 

The  gastro-epiploic  artery  gives  branches  upwards  to  both  surfaces  of  the  stomach, 
and  long  slender  vessels  downwards  to  the  omentum. 

The  pancreatico-duodenal  branch  descends  along  the  inner  margin  of  the  duodenum, 
between  it  and  the  pancreas,  and,  after  furnishing  several  branches  to  both  these 
organs,  anastomoses  with  a  small  offset  of  the  superior  mesenteric  artery. 

(c)  The  cystic  artery,  given  off  by  the  right  hepatic  when  crossing  behind 
the  cystic  duct,  turns  upwards  and  forwards  upon  the  neck  of  the  gall- 
bladder, and  divides  into  two  smaller  branches,  of  which  one  ramifies 
between  the  coats  on  the  depending  surface,  the  other  between  the  bladder 
and  the  liver. 

Peculiarities. — The  hepatic  artery  sometimes  arises  from  the  superior  mesenteric 
artery,  or  from  the  aorta  itself.  Accessory  hepatic  arteries  are  often  met  with,  usually 
coming  from  the  coronary  artery  of  the  stomach.  The  hepatic  artery  has  been  found 
to  furnish  a  phrenic  branch. 

3.  The  Splenic  Artery,  in  the  adult  the  largest  branch  of  the  cceliac 
artery,  supplies  the  spleen,  and  in  part  the  stomach  and  pancreas.  It  is 
directed  horizontally  towards  the  left  side.  Waving  and  often  tortuous  in 
its  course,  it  passes,  together  with  the  splenic  vein  which  is  below  it,  behind 
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the  upper  border  of  the  pancreas,  and  divides  near  the  spleen  into  several 
branches.  The  largest  of  these  enter  the  fissure  in  that  organ,  and  are  dis- 
tributed to  its  substance  ;  three  or  four  are  reflected  towards  the  bulging 
end  of  the  stomach,  upon  which  they  ramify. 

Fig.  284. 


Fig.  284. — The  Arteries  op  the  Stomach,  Duodenum,  Pancreas,  and  Spleen 

(from  Tiedemann).  ^ 

The  stomach  and  liver  ai-e  turned  upwards  so  as  to  show  their  lower  surface.  The 
jejuniim  is  divided  at  its  commencement,  o,  lower  surface  of  the  right  lobe  of  the  liver; 
6,  left  lobe;  c,  cardiac  orifice  of  the  stomach  ;  d,  pylorus;  e,  first  part,  /,  second  or 
descending  part,  and  g,  third  or  lower  part  of  the  duodenum  ;  k,  commencement  of  the 
Jejunum  emerging  ft-om  behind  the  superior  mesenteric  artery  ;  i,  the  head,  and  I;  the 
body  of  the  pancreas  ;  /,  the  spleen;  1,  1,  right  and  left  inferior  phrenic  arteries  passing 
from  the  aorta  upon  the  crura  of  the  diaphragm  ;  2,  placed  on  the  aorta  close  to  the 
cojliac  axis  ;  3,  3',  the  coronary  artery ;  4,  common  hepatic  ;  4',  proper  hepatic  artery  ; 
4",  cystic  branch  ;  5,  gastro-duodenal  giving  the  inferior  pyloric  ;  5,  on  the  great  curva- 
ture of  the  stomach,  the  right  gastro-epiploic  ;  6,  pancreatico-duodenal  ;  7,  common 
splenic  ;  7',  proper  splenic  ;  7",  one  of  the  vasa  brevia  to  the  stomach  ;  8,  8,  left  gastro- 
epiploic artery  uniting  with  the  right  on  the  great  curvature  of  the  stomach  ;  9,  trunk  of 
the  superior  mesenteric  artery,  giving  a  small  branch  to  join  the  pancreatico-duodenal ; 
10,  inferior  mesenteric. 

Branches. — (o)  Pancreatic  branches,  variable  in  size  and  number,  are 
given  off  whilst  the  artery  is  passing  along  the  pancreas,  the  middle  and 
left  part  of  which  they  supply  with  vessels.  One  of  larger  size  not  unfre- 
quently  runs  from  left  to  right  in  the  direction  of  the  pancreatic  duct,  and 
is  called  pancreatica  magna. 

(b)  The  splenic  branches  are  the  proper  terminal  branches  of  the  artery  ; 
they  are  five  or  six,  or  even  more,  in  number,  and  vary  in  length  and  size  ; 
they  enter  the  spleen  by  the  hilus  or  fissure  in  its  concave  surface,  and 
ramify  within  that  organ. 

(c)  The  short  gastric  branches  (vasa  hrevia)  vary  from  five  to  seven  in  num- 
ber ;  they  are  directed  from  left  to  right,  some  issuing  from  the  trunk  of  the 
splenic  artery,  others  from  its  terminal  branches  :  they  reach  the  left  ex- 
tremity of  the  stomach,  where  they  divide  and  spread  out  between  the  coats, 
communicating  with  the  coronary  and  loft  gastro-epiploic  arteries. 
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(d)  The  left  gastro-epiploic  artery  runs  from  left  to  right  along  the  great 
curvature  of  the  stomach,  supplying  branches  to  both  surfaces  of  the 
stomach  and  to  the  omentum  on  the  left  side,  and  inosculated  with  the 
nght  gastro-epiploic  branch  from  the  hepatic  artery. 

11.    SUPERIOR  MESENTERIC  ARTERY. 

The  superior  mesenteric,  an  artery  of  large  size,  supplies  the  whole  of  the 
suiall  intestine  beyond  the  duodenum,  and  half  of  the  great  intestine.  It 
arises  from  the  fore  part  of  the  aorta,  a  little  below  the  cceliac  artery.  For 
a  short  space  this  artery  is  covered  by  the  pancreas  ;  on  emerging  from 
below  that  gland  it  descends  in  front  of  the  duodenum  near  the  end,  and  is 
thence  continued  between  the  layers  of  the  mesentery.  The  splenic  vein 
crosses  over  its  root.  In  the  mesentery  the  artery  at  first  passes  downwards 
and  to  the  left  side,  but  afterwards  turns  towards  the  right  iliac  fossa, 
opposite  to  which  it  inosculates  with  its  own  ileo-colic  branch. 

Branches. — (a)  The  inferior  pancreatico-duodenal,  given  off  under  cover 
of  the  pancreas,  runs  along  the  concave  border  of  the  duodenum,  and  joins 
with  the  pancreatico-duodenal  artery. 

(6)  The  rami  intestini  tenuis,  or  intestinal  branches,  supplying  the  jejunum 
and  ileum,  spring  from  the  convex  or  left  side  of  the  vessel.  They  are 
usually  twelve  or  more  in  number,  and  are  all  included  between  the  layers 
of  the  mesentery.  They  run  parallel  to  one  another  for  some  distance, 
and  then  divide  into  two  branches,  each  of  which  forms  an  arch  with  the 
neighbouring  branch.  From  the  first  set  of  arches  other  branches  issue, 
which  divide  and  communicate  in  the  same  way,  until  finally,  after  forming 
four  or  five  such  tiers  of  arches,  each  smaller  than  the  other,  the  ultimate 
divisions  of  the  vessels  proceed  directly  to  the  intestine,  spreading  upon 
both  sides,  and  ramifying  in  its  coats. 

(c)  The  colic  branches  arise  from  the  right  or  concave  side  of  the  artery, 
and  are  three  in  number. 

1.  The  ileo-colic  artery,  the  first  in  order  from  below  upwards,  inclines 
downwards  and  to  the  right  side,  towards  the  ileo-colic  valve,  near  which  it 
divides  into  two  branches  :  one  of  these  descends  to  inosculate  with  the 
termination  of  the  mesenteric  artery  itself,  and  to  form  an  arch,  from  the 
convexity  of  which  branches  proceed  to  supply  the  junction  of  the  small 
with  the  large  intestine,  and  the  csecum  and  its  appendix  ;  "the  other  divi- 
sion ascends  and  inosculates  with  the  next  mentioned  branch.  The  ileo- 
colic artery  is  not  always  distinct  from  the  termination  of  the  superior 
mesenteric. 

2.  The  right  colic  artery  passes  transversely  towards  the  right  side, 
beneath  the  peritoneum,  to  the  middle  of  the  ascending  colon,  opposite  to 
which  it  divides  into  two  branches,  of  which  one  descends  to  communicate 
with  the  ileo-colic  artery,  whilst  the  other  ascends  to  join  in  an  arch  with 
the  middle  colic.  This  artery  and  the  ileo-colic  often  arise  by  a  common 
trunk. 

3.  The  middle  colic  artery  passes  upwards  between  the  layers  of  the 
meso-colon  towards  the  transverse  colon,  and  divides  in  a  manner  exactly 
similar  to  that  of  the  vessels  just  noticed.  One  of  its  branches  inclines  to 
the  right,  where  it  inosculates  with  the  preceding  vessel ;  the  other  descends 
to  the  left  side,  and  maintains  a  similar  communication  with  the  left  colic 
branch,  derived  from  the  inferior  mesenteric  artery.  From  the  arches  of 
inosculation  thus  formed,  small  branches  pass  to  the  colon  for  the  supply  of 
its  coats. 
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Fig.  285, — Thk  Supkrior  Mesenteric  Artery,  and  its  Branches 

(from  Tiedemann).  \ 

The  transverse  arch  of  the  colon  is  turned  upwards  ;  the  transverse  meso-colon  is 
dissected  so  as  to  expose  the  duodenum  and  pancreas  at  its  root ;  the  small  intestines  are 
thrown  towards  the  left  side ;  a,  the  descending  part  of  the  duodenum  ;  6,  the  lower 
part  before  it  passes  beliiud  the  superior  mesenteric  artery  and  root  of  the  mesentery  ;  c, 
the  commencement  of  the  jejunum  to  the  left  of  the  root  of  the  mesentery  ;  cf,  cf,  the 
jejunum  and  ileum;  d,  the  termination  of  the  ileum  in  the  caput  cajcum  coli  ;  e,  the 
cajcum  ;  /,  the  vermiform  process;  g,  the  ascending  colon;  h,  the  transverse  arch;  t,  the 
descending  colon  ;  Ic,  the  pancreas  ;  1,  the  trunk  of  the  superior  mesenteric  artery  ;  1', 
the  termination  of  that  vessel  where  it  loops  round  into  a  branch  of  the  ileo-colic  artery  ; 
2,  2,  2,  2,  the  intestinal  branches ;  2',  2',  2',  several  of  their  loops  in  the  mesentery  ;  3, 
Hmall  pancreatico-duodenal  branch  passing  to  '6',  to  unite  with  the  branch  from  the  gastro- 
duodenal ;  4,  tiie  middle  colic  branch  ;  5,  its  left  colic  branch  passing  at  5'  to  unite  with 
tSie  branch  of  the  left  colic  of  tiie  inferior  mesenteric  ;  6,  right  branch  ;  7,  right  colic  and 
ileo-colic  arteries  in  one  trunk  ;  8,  right  colic,  uniting  by  a  loop  with  the  middle  colic  ; 
the  ileo-colic,  uniting  with  the  end  of  tho  superior  mesenteric  artery. 
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ing  colon  have  a  layer  of  peritoneum  only  on  their  anterior  aspect  •  the 
others  lie  between  two  strata. 

The  superior  mesenteric  artery  is  occasionally  connected  at  its  origin  with  the 
coeliac  artery.    Not  unfrequcntly  it  furnishes  the  hepatic  ai-tery. 


III.    INFERIOR  MESENTERIC  ARTERY. 

This  artery,  much  smaller  than  the  superior  mesenteric,  supplies  the  lower 
half  of  the  colon,  and  the  greater  part  of  the  rectum.  It  arises  from  the 
aorta,  between  an  inch  and  two  inches  above  the  bifurcation  of  that  trunk. 

The  inferior  mesenteric  artery  inclines  to  the  left  side  iu  the  direction  of 
the  left  iliac  fossa,  from  which  point  it  descends  between  the  layers  of  the 
moso-rectum  into  the  pelvis,  and  under  the  name  of  "  superior  hsemorr- 
hoidal "  artery,  runs  down  behind  the  rectum.  It  lies  at  first  close  to  the 
aorta,  on  its  left  side,  and  then  crosses  over  the  left  common  iliac  artery. 

Branches. — (a).  The  left  colic  artery  is  directed  to  the  left  side  behind 
the  peritoneum,  and  across  the  left  kidney  to  reach  the  descending  colon . 
It  divides  into  two  branches,  and  'forms  a  series  of  arches  in  the  same  way 
as  the  colic  vessels  of  the  opposite  side.  One  of  these  two  branches  passes 
upwards  along  the  colon,  and  inosculates  with  the  descending  branch  of 
the  middle  colic  ;  whilst  the  other  descends  towards  the  sigmoid  flexure, 
and  anastomoses  with  the  sigmoid  artery. 

(6)  The  sigmoid  artery  runs  obliquely  downwards  to  the  sigmoid  flexure 
of  the  colon,  where  it  divides  into  branches  ;  some  of  which  incline  up- 
wards and  form  arches  with  the  preceding  vessel,  wliile  others  turn  down- 
wards to  the  rectum  and  anastomose  with  the  following  branch.  Instead  of 
a  single  sigmoid  artery,  two  or  three  branches  are  sometimes  present. 

(c)  The  superior  hcumorrhoidal  artery,  the  continuation  of  the  inferior 
mesenteric,  passes  into  the  pelvis  behind  the  rectum,  at  first  in  the  meso- 
rectum,  and  then  divides  into  two  branches  which  extend  one  on  each  side 
of  the  intestine  towards  the  lower  end.  About  five  inches  from  the  anus 
these  subdivide  into  branches,  about  a  Hue  in  diameter,  which  pierce  the 
muscular  coat  two  inches  lower  down.  In  the  intestine,  these  arteries,  about 
seven  in  number,  and  placed  at  regular  distances  from  each  other,  descend 
between  the  mucous  and  muscular  coats  to  the  end  of  the  gut,  where  they 
communicate  in  loops  opposite  the  internal  sphincter,  and.  end  below  by 
anastomosing  with  the  middle  and  inferior  hsemorrhoidal  arteries. 

Anastomoses  on  the  intestinal  tube. — The  arteries  distributed  to  the 
alimentary  canal  communicate  freely  with  each  other  over  the  whole  length 
of  that  tube.  The  arteries  of  the  great  intestine  derived  from  the  two 
mesenteric  arteries,  form  a  range  of  vascular  arches  along  the  colon  and 
rectum,  at  the  lower  end  of  which  they  anastomose  with  the  middle  and 
inferior  hcemorrhoidal  arteries,  given  from  the  internal  iliac  and  pudic 
arteries.  The  branches  from  the  left  side  of  the  superior  mesenteric  form 
another  series  of  arches  along  the  small  intestine,  which  is  connected  with 
the  foirmer  by  the  ileo-colic  artery.  Farther,  a  branch  of  the  superior 
mesenteric  joins  upon  the  duodenum  with  the  pancreatico-duodenal  artery. 
The  latter,  at  its  commencement,  is  in  a  manner  continuous  -with  the  pyloric 
artery  ;  and  so  likewise,  through  the  coronary  artery  of  the  stomach  and  its 
ascending  branches,  a  similar  connection  is  formed  Avith  the  oesophageal 
arteries,  even  up  to  the  pharynx. 


Fi".  286. — The  Inferior  Mesenteric  Artkry  with  its  distribution  and  communica- 
tions (fi-om  Tiedemann).  ^ 

The  small  intestines  witli  the  superior  mesenteric  artery  are  turned  towards  the  riglifc 
side,  the  panci  eas  is  exposed,  and  the  large  intestine  is  stretched  out :  a,  b,  the  duodenum  ; 
c,  the  commencement  of  the  jejunum  ;  d,  the  small  intestine  ;  e,  the  ascending  colon  ;  /, 
the  transverse  colon  ;  g,  the  descending  colon  ;  h,  tlic  sigmoid  flexure  ;  i,  the  commence- 
ment of  the  rectum  ;  k,  the  pancreas  ;  1,  placed  on  the  trunk  of  the  abdominal  aorta  at 
the  origin  of  the  renal  arteries  ;  1',  on  the  same  at  the  origin  of  the  inferior  mesenteric  ; 
1",  near  the  division  into  common  iliac  arteries  ;  2,  inferior  mesenteric,  giving  off  first  the 
left  colic  ;  3,  ascending  branch  of  the  left  colic  ;  4,  branches  to  the  descending  colon  ;  5, 
the  sigmoid  branch  ;  6,  the  superior  hfemorrhoidal  branch  ;  7,  the  trunk  of  the  superior 
mesenteric  issuing  from  behind  the  pancreas  ;  8,  some  of  its  intestinal  branches  ;  9,  the 
middle  coli.o  artery  ;  10,  its  left  branch  forming  a  loop  of  communicatioa  with  the  left 
colic  ;  11,  its  right  branch  ;  12,  the  spermatic  arteries. 

IV.   CAPSULAR  OR  SUPRARENAL  ARTERIES. 

The  suprarenal  or  capsular  arteries  are  two  very  small  vessels  whioli  arise 
from  the  aorta  on  a  level  with  the  superior  mesenteric  artery,  and  incline 
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obliquely  outwards  upon  the  crura  of  the  diaphragm  to  reach  the  supra- 
renal capsules,  to  which  bodies  they  are  distributed,  anastomosing  at  the 
same  time  with  the  other  capsular  branches  derived  from  the  phrenic  and 
the  renal  arteries.    In  the  foetus  these  arteries  are  of  larger  size. 

V.    RENAL  OR   EMULGENT  ARTERIES. 

The  renal  arteries,  of  large  diameter  in  proportion  to  the  size  of  the 
organs  which  they  supply,  arise  from  the  sides  of  the  aorta,  about  half  an 
inch  below  the  superior  mesenteric  artery,  that  of  the  right  side  being 
rather  lower  down  than  that  of  the  left.  Each  is  directed  outwards,  so  as 
to  form  nearly  a  right  angle  with  the  aorta.  In  consequence  of  the  position 
of  the  aorta  upon  the  spine,  the  right  renal  artery  has  to  run  a  somewliat 
longer  course  than  the  left,  in  order  to  reach  the  kidney.  The  artery 
of  the  right  side  crosses  behind  the  vena  cava,  and  both  right  and  left 
arteries  are  overlapped  by  the  accompanying  renal  veins.  Previously  to 
reaching  the  concave  border  of  the  kidney,  each  artery  divides  into  four  or 
five  brnnches,  the  greater  number  of  which  usually  lie  intermediate  between 
the  vein  in  front  and  the  pelvis  of  the  kidney  behind.  These  branches, 
after  having  passed  deeply  into  the  fissure  of  the  kidney,  subdivide  and  are 
distributed  in  the  gland,  in  the  manner  described  in  the  accouut  of  the 
structure  of  that  organ. 

Branches. — The  renal  artery  furnishes  a  small  branch  to  the  suprarenal 
capsule,  a  second  to  the  ureter,  and  several  others  which  ramify  in  the  con- 
nective tissue  and  fat  behind  the  kidney. 

Pectjliarities.— The  renal  artery  may  be  replaced  by  two,  three,  four,  or  even  five 
branches  ;  and  the  greatest  difference  as  to  the  origin  of  these  vessels  is  found  to  exist 
even  on  opposite  sides  of  the  same  body.  As  they  usually  arise  in  succession  from 
the  aorta  itself,  it  would  seem  as  if  the  deviation  were  merely  a  degree  beyond  that 
in  which  the  single  artery  divides  into  branches  sooner  than  usual  after  its  origin. 
In  some  cases  a  renal  artery  has  been  seen  to  proceed  from  the  common  iliac ;  and  in 
one  case,  described  by  Eustachius,  from  the  internal  iliac.  Portal  found  in  one 
instance  the  right  and  left  renal  arteries  arising  by  a  common  trunk  from  the  fore  part 
of  the  aorta.  In  another  case,  one  of  several  arteries  arose  from  the  front  of  the  aorta 
at  its  bifurcation  ;  or  from  the  left  common  iliac  at  its  origin. 

The  branches  of  the  renal  artery,  instead  of  entering  at  the  hilus,  may  reach  and 
penetrate  the  gland  near  its  upper  end,  or  on  its  anterior  surface.  Lastly,  cases  occur, 
though  very  rarely,  in  which  one  of  the  renal  arteries  is  wanting. 

TI.   SPERMATIC  AND  OVARIAN  ARTERIES. 

The  spermatic  arteries,  two  small  and  very  long  vessels,  arise  close  toge- 
ther from  the  fore  part  of  the  aorta  a  little  below  the  renal  arteries.  Each 
artery  is  directed  downwards  and  outwards,  resting  on  the  psoas  muscle  ;  it 
crosses  obliquely  the  ureter  and,  afterwards,  the  external  iliac  artery,  and 
tTirns  forward  to  the  internal  abdominal  ring.  There  it  comes  in  contact 
with  the  vas  deferens,  and,  separating  from  the  peritoneum,  passes  with  the 
other  constituents  of  the  spermatic  cord  along  the  inguinal  canal,  and 
descends  to  the  scrotum,  where  it  becomes  tortuous,  and  reaching  the  back 
part  of  the  testis  anastomoses  with  the  artery  of  the  vas  deferens,  and  finally 
divides  into  branches  which  pierce  the  fibrous  capsule  of  the  testis. 

Fi".  287. — View  of  the  Abdominal  Aorta  and  its  Principal  Branches 

(from  Tiedemann).  \ 

For  the  detailed  description  of  this  figure  see  p.  404  ;  6,  renal  arteries  ;  6',  6', 
suprarenal  arteries  arising  I'rom  the  aorta  ;  other  suprarenal  arteries  are  seen  proceeding 
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from  the  inferior  phrenic ;  7,  placed  on  the  ahdominal  aorta  below  the  origin  of  the  spermatic 
arteries  ;  7,  7',  lower  down  the  same  arteries  descending  on  the  psoas  muscles  and  cross- 
ing the  ureters,  that  on  the  left  side  entering  the  internal  inguinal  aperture  along  with 
the  vas  deferens  (i) ;  8,  inferior  mesenteric  artery  ;  9,  lumbar  arteries  ;  9',  the  lowest 
lumbar  artery  rising  in  this  instance  from  the  middle  sacral  (1')  ;  10,  10',  right  and  left 
common  iliac  arteries;  11,  11,  placed  between  the  external  and  internal  iliac  arteries 
on  each  side  ;  12,  left  epigastric  artery  ;  13,  circumflex  iliac  artery. 
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In  tho  female,  the  ovarian  arteries,  corresponding  to  the  spermatic  arteries 
in  the  male,  are  shorter  than  these  vessels,  and  do  not  pass  out  of  the  abdo- 
minal cavity.  Tho  origin,  direction,  and  connections  of  the  ovarian  artery 
in  the  first  part  of  its  course  are  the  same  as  in  the  male  ;  but  at  the 
margin  of  the  pelvis  it  inclines  inwards,  and  running  tortuously  between 
the  layers  of  the  broad  ligament  of  the  uterus,  is  guided  to  the  attached 
margin  of  the  ovary,  which  it  supplies  with  branches.  Some  small  offsets 
can  be  also  traced  along  the  round  ligament  into  the  inguinal  canal,  and 
others  along  the  Fallopian  tube  :  one,  continuing  inwards  towards  the 
uterus,  joins  with  the  uterine  artery. 

In  the  young  foetus  the  spermatic  and  ovarian  arteries  are  short,  as  the  testes  and 
ovaries  are  at  first  placed  close  to  tlie  kidneys,  but  the  arteries  become  lengthened  as 
these  organs  descend  to  their  ultimate  positions. 

Peculiarities. — The  spermatic  arteries  occasionally  arise  by  a  common  trunk. 
Two  spermatic  arteries  are  not  unfrequently  met  with  on  one  side ;  both  of  these 
usually  arise  from  the  aorta,  though  sometimes  one  is  a  branch  from  the  renal  artery. 
A  case  has  occurred  of  three  arteries  on  one  side, — two  from  the  aorta  and  the  third 
from  the  renal. 


B.— PARIETAL  BRANCHES  OF  THE  ABDOMINAL  AORTA. 

I.    INFERIOR  PHRENIC  ARTERIES. 

The  phrenic  arteries  are  two  small  vessels,  which  spring  from  the  aorta 
close  together  on  a  level  with  the  \mder  surface  of  the  diaphragm.  These 
arteries  are,  however,  somewhat  irregular  in  their  origin.  When  they  arise 
separately  from  each  other,  which  is  by  no  means  a  constant  arrangement, 
one  is  frequently  derived  from  the  coeliac  artery  close  to  the  origin,  and  the 
other  from  the  aorta  immediately  above.  They  soon  diverge  from  each 
other,  and  parsing  across  the  crura  of  the  diaphragm,  incline  upwards  and 
outwards  upon  its  under  surface  ;  the  artery  of  the  left  side  passing  behind 
the  oesophagus,  whilst  that  of  the  right  side  passes  behind  the  vena  cava. 
Before  reaching  the  central  tendon  of  the  diaphragm,  each  of  the  arteries 
divides  into  two  branches,  of  which  one  runs  forwards  towards  the  anterior 
margin  of  the  thorax,  and  anastomoses  with  the  musculo-phrenic  branch  of 
the  internal  mammary  artery,  while  the  other  pursues  a  transverse  direction 
towards  the  side  of  the  thorax,  and  commtmicates  with  the  terminations  of 
the  intercostal  arteries. 

Branches. — Each  phrenic  artery  gives  small  branches  (superior  capsular)  to  the 
suprarenal  capsule  of  its  own  side  ;  the  left  artery  sends  some  branches  to  the 
oesophagus,  whilst  the  artery  of  the  right  side  gives  off  small  vessels,  which  reach  the 
termination  of  the  vena  cava.  Small  offsets  descend  to  the  Uver  between  the  layers 
of  the  peritoneum. 

Peculiarities.— The  phrenic  arteries  are  found  to  vary  greatly  in  their  mode  of 
origin,  but  these  deviations  seem  to  have  little  influence  on  their  course  and  dis- 
tribution. In  the  first  place  they  may  arise  either  separately,  or  by  a  common  trunk: 
and  it  would  appear  that  the  latter  mode  of  origin  is  nearly  as  frequent  as  the 
former. 

When  the  two  arteries  are  joined  at  their  origin,  the  common  trunk  arises  most 
frequently  from  the  aorta ;  though,  sometimes,  it  springs  from  the  coeliac  axis. 

When  arising  separately,  the  phrenic  arteries  are  given  oflT  sometimes  from  the 
aorta,  more  frequently  from  the  coeliac  axi.s,  and  occasionally  from  the  renal ;  but  it 
most  commonly  happens  that  the  artery  of  the  right  side  is  derived  from  one,  and 
that  of  the  left  side  from  another  of  these  sources..  An  additional  phrenic  artery 
(derived  from  the  left  hepatic)  has  been  met  with. 
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In  only  one  out  of  thirly-six  cases  observed  by  R.  Quain  did  the  plirenic  arteries 
arise  in  the  mode  ordinarily  deseribed ;  viz.,  as  two  separate  vessels  from  the  ab- 
dominal aorta.    (Op.  eit.  p.  417.) 

IX.    LUMBAR  ARTERIES. 

The  lumbar  arteries  resemble  the  intercostal  arteries,  not  only  in  their 
mode  of  origin,  but  also  in  a  great  measure  in  the  manner  of  their  distribu- 
tion. They  arise  from  the  back  part  of  the  aorta,  and  are  usually  four  in 
number  on  each  side.  They  pass  outwards,  each  resting  on  the  body  of  the 
corresponding  lumbar  vertebra,  from  the  first  to  the  fourth,  and  soon  dip 
deeply  under  the  psoas  muscle.  The  two  upper  arteries  are  likewise  nnder 
the  pillars  of  the  diaphragm ;  and  those  on  the  right  side  are  covered  by  the 
vena  cava.  At  the  interval  between  the  transverse  processes,  each  lumbar 
artery  divides  into  a  dorsal  and  an  abdominal  branch. 

Brakches.— (a)  The  abdominal  branch  of  each  lumbar  artery  runs  outwards 
behind  the  quadratus  lumborum,— the  lowest  of  these  branches  not  unfrequently  in 
front  of  that  muscle.  Continuing  outwards  between  the  abdominal  muscles,  the  artery 
ramifies  in  theif  substance,  and  maintains  communications  with  branches  of  the 
epigastric  and  internal  mammary  in  front,  with  the  terminal  branches  of  the  inter- 
costals  above,  and  with  those  of  the  ilio-lumbar  and  circumflex  iliac  arteries  below. 

(6)  The  dorsal  branch  of  each  lumbar  .artery,  like  the  corresponding' branch  of  the 
intercostal  arteries,  gives  off,  immediately  after  its  origin,  an  offset,  named  spinal, 
which  enters  the  spinal  canal.  The  dorsal  branch  then,  proceeding  backwards  with 
the  posterior  primary  branch  of  the  corresponding  lumbar  nerve  between  the  trans- 
verse processes  of  the  vertebrae,  divides  into  smaller  vessels,  which  are  distributed  to 
the  muscles  and  integuments  of  the  back. 

(c)  The  spinal  branch  enters  the  spinal  canal  through  the  intervertebral  foramen, 
and,  having  given  an  offset  which  runs  along  the  nerves  to  the  dura  mater  and  cauda 
equina,  it  communicates  with  the  other  spinal  arteries,  and  divides  into  two  brandies, 
which  are  distributed  to  the  bones  in  the  following  manner  :— one  curves  upwards  on 
the  back  part  of  the  body  of  the  vertebra  above,  near  to  the  root  of  the  pedicle, 
whilst  the  other  descends  in  a  similar  manner  on  the  vertebra  below ;  and  each  com- 
municates with  a,  corresponding  branch  from  the  neighbouring  spinal  artery.  As 
this  arrangement  prevails  on  both  sides  and  throughout  the  whole  length  of  the  spine, 
there  is  formed  a  double  series  of  arterial  arches  behind  the  bodies  of  the  vertebrce, 
the  convexities  of  which  are  turned  towards  each  other.  From  the  arches  on  opposite 
sides  offsets  are  directed  inwards  at  intervals  to  reinforce  a  median  longitudinal 
vessel,  which  extends  along  the  spine  like  the  single  artery  on  the  front  of  the  spinal 
cord.  The  arches  are  moreover  joined  together  across  the  bodies  of  the  vertebrae  by 
transverse  branches. 

From  this  interlacement  of  vessels,  numerous  ramifications  are  distributed  to  the 
periosteum  and  the  bones. 

PEctTLiARiTiES.— The  lumbav  arteries  of  opposite  sides,  instead  of  taking  their 
origin  separately  from  the  aorta,  occasionally  commence  by  a  common  trunk,  whose 
branches  pass  out  laterally,  and  continue  their  course  in  the  ordinary  way.  Two 
arteries  of  the  same  side  are  sometimes  conjoined  at  their  origin.  On  the  last  lumbar 
vertebra,  the  place  of  a  lumbar  artery  is  often  taken  by  a  branch  from  the  middle 
sacral  artery,  and  the  ilio-lumbar  compensates  for  the  absence  of  the  lumbar  vessel 
amongst  the  muscles. 

MINUTE  ANASTOMOSES  OF  THE  VISCERAL  AND  PARIETAL  BRANCHES  OF 

THE  ABDOMINAL  AORTA. 

The  existence  of  minute  anastomoses  between  some  of  the  visceral  branches  of  the 
abdominal  aorta  and  those  supplying  the  walls  of  the  cavity  has  been  recognised  by 
several  anatomists,  and  various  examples  have  been  noticed  in  the  previous  descrip- 
tion. These  communications  have  recently  been  more  distinctly  proved  and  their 
nature  elucidated  by  W.  Turner  in  a  series  of  experimental  injections,  made  with  a 
view  to  their  detection.    ("  Brit,  and  For.  Med.  Chirug.  Review,"  July,  1863.) 
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These  anastomoses  constitute  a  well-marked  vascular  plexus,  situated  in  the  sub- 
peritoneal ti8sue,  whence  Turner  proposes  to  call  them  the  subperitoneal  arterial 
plexus.  It  occupies  the  lumbar  region  from  the  diaphragm  downwards  into  the  iliac 
regions  and  pelvis,  and  establishes  communication  between  the  parietal  ves^sels  and 
those  of  the  viscera,  chiefly,  though  not  exclusively,  through  branches  of  the  arteries 
of  those  viscera  which  arc  situated  behind  tiie  peritoneum.  It  belongs  to  the  renal 
and  suprarenal  arteries,  those  of  the  pancreas  and  duodenum,  the  cacum  and  Ihe 
ascending  and  descending  parts  of  the  colon.  It  extends  also  to  the  vessels  of  the 
rectum,  and  to  the  spermatic  arteries  in  their  descent  through  the  abdomen,  and  into 
the  inguinal  canal  and  scrotum. 

In  all  these  situations  it  was  found  that  the  injected  material  (coloured  gelatine) 
when  thrown  into  the  vessels  of  the  viscus,  so  as  to  fill  them  completely,  extended 
through  the  subperitoneal  plexus  in  various  ways,  so  as  to  reach  one  or  other  set  of 
parietal  vessels,  such  as  the  lumbar,  ilio-lumbar,  circumflex  iliac,  lower  intercostal 
and  epigastric  arteries  ;  and  in  the  pelvis,  the  middle  and  lateral  sacral  arteries ;  and 
in  the  scrotum,  the  superficial  pudic  and  perineal  arteries. 

The  more  direct  inosculations  of  the  hsemorrhoidal  arteries  on  the  rectum  with  the 
inferior  hemorrhoidal  branches  of  the  pudic  artery  are  well  known,  and  the  importance 
of  these  and  other  similar  anastomoses,  as  well  as  the  more  extensive  and  minute 
anastomosing  plexus  investigated  by  Turner,  is  obvious,  with  reference  not  merely  to 
the  nutrition  of  the  subperitoneal  tissue,  but  also  to  the  debated  question  of  the 
influence  exerted  by  local  superficial  blood-letting  on  the  state  of  the  vessels  of  the 
deeper  viscera. 

III.    MIDDLE  SACRAL  ARTERT. 

The  middle  sacral  artery,  the  last  of  the  branches  of  the  ahdominal  aorta, 
is  a  small  vessel  of  about  the  Fize  of  a  crowquill,  which  arises  from  the 
extremity  of  the  aorta  just  at  the  bifurcation.  From  this  point  the  artery 
proceeds  downwards  upon  the  last  lumbar  vertebra  and  over  the  middle  of 
the  sacrum,  as  far  as  the  coccyx,  where  it  forms  small  arches  of  anastomosis 
with  the  lateral  sacral  arteries. 

Branches. — From  its  anterior  surface  some  small  branches  come  forward  within 
the  fold  of  the  meso-rectum,  and  ramify  upon  the  posterior  surface  of  the  intestine ; 
and  on  each  side  others  spread  out  upon  the  sacrum,  and  anastomose  with  the  lateral 
sacral  arteries,  occasionally  sending  small  offsets  into  the  anterior  sacral  foramina. 

1'he  middle  sacral  artery  sometimes  deviates  a  little  to  the  side,  and  proceeds,  not 
from  the  bifurcation  of  the  aorta,  but  from  one  of  the  common  iliac  arteries,  usually 
from  that  of  the  left  side.  This  arteiy  represents  the  caudal  prolongation  of  the  aorta 
of  animals. 

COMMON  ILIAC  ARTERIES. 

The  common  iliac  arteries,  commencing  at  the  bifurcation  of  the  aorta, 
pass  downwards  and  outwards,  diverging  from  each  other,  and  divide  oppo- 
site the  lumbo-sacral  articulation  into  the  internal  and  external  ihac  arteries. 

The  common  iliac  arteries  measure  usually  about  two  inches  in  length. 
Both  are  covered  by  the  peritoneum  and  the  intestines,  and  are  crossed  by 
the  ureters  near  their  point  of  division,  as  well  as  by  the  branches  of  the 
sympathetic  .  nerve  which  are  directed  towards  the  hypogastric  plexus. 
They  rest  on  the  bodies  of  the  vertebrae,  and  come  into  contact  with  the 
psoas  muscles. 

The  common  iliac  artery  of  the  right  side  is  separated  from  the  front  of 
the  last  lumbar  vertebra,  the  two  common  iliac  veins  being  interposed.  The 
artery  of  the  left  side  is  crossed  by  the  branches  of  the  inferior  mesenteric 
vessels. 

lielation  to  Veins. — The  left  iliac  vein,  supported  on  the  last  lumbar 
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vertebra  lies  to  the  inner  side  of,  and  bolow  the  left  artery.  On  the  right 
sTde  the^e  are  throe  veins  in  proximity  to  the  artery  ;  the  right  ihac  vem 
lyin.^  behind  the  lower  part  of  the  vessel,  the  left  iliac  vein  crossing  behind 
it,  and  the  vena  cava  resulting  from  the  union  of  the  two  others  being  on 
the  right  side  of  the  artery  at  the  upper  end. 

PKcrnAKiTiES.-r/<e  place  of  orlr,in  of  the  common  iliac  arteries  coincides  with  that 
of  the  bifurcation  of  the  aorta  (p.  406). 


Fig.  288. 


Fig.  288.— ViKW  OP 

THE   KIGHT  SIDE  OP 

A  UAhK  Pelvis  dis- 

SKOTED  TO  SHOW 
THE  EXTEKNAL  AND 
INTERNAL  IlIAO  AR- 
TEKIES  AND  THEIR 
BRANCHES.  J 

The  viscera  of  tbe 
pelvis  have  been  re- 
moved as  well  as  the 
internal  iliac  veins:  the 
larger  nerves  have  been 
retained,    a,  body  of 
the  fifth  lumbar  ver- 
tebra ;  b,  anterior  and 
superior  spine  of  tbe 
right  ilium  ;    c,  left 
auricular    surface  of 
the  sacrum;  c',  third 
piece  of  the  sacrum  ; 
d,  first  piece  of  the 
coccyx;  e,  short  sacro- 
Bciatic    ligament ;  /, 
tuberosity  of  the  is- 
chium covered  inter- 
nally  by    the  great 
sacro-sciatic  ligament ; 
g,  obturator  foramen  ; 
7,  iliacus  muscle;  1, 
lower  j>ait  of  the  ab- 
dominal   aorta ;  1', 
middle  sacral  artery; 
2,  2,  common  iliac  ar- 
teries ;  2',  right  exter- 
nal  iliac  ;    3,  lower 
part  of  the  vena  cava 

inferior  ;  4,  4,  common  iliac  veins  ;  the  number  on  the  right  points  by  a  line  to  the  right 
internal  iliac  artery  ;  4',  right  external  iliac  vein  ;  5,  placed  on  the  ilio-lumbar  nervous 
trunk,  points  to  the  posterior  division  of  the  internal  iliac  artery  giving  oif  the  gluteal  ; 
5',  ilio-lumbar  artery  ;  5",  lateral  sacral  artery  with  branches  passing  into  the  anterior 
sacral  for.amina  ;  6,  placed  on  the  anterior  division  of  the  first  sacral  nerve,  points  to  the 
sciatic  artery  coming  from  the  anterior  division  of  the  internal  iliac  ;  7,  pudic  artery  ;  7', 
the  same  artery  passing  behind  the  s|)ine  of  the  ischium,  and  proceeding  within  the 
ischium  and  obturator  internus  muscle,  accompanied  by  the  pudic  nerve  towards  the 
perinseum  ;  towards  /,  inferior  hemorrhoidal  branches  are  given  off ;  7",  superficial 
perineal  artery  and  nerve  ;  8,  hypogastric  artery,  with  the  obliterated  remains  of  the 
umbilical  artery  cut  short,  and  8',  superior  vesical  branches  rising  from  it ;  9,  obturator 
artery  with  the  corresponding  nerve  and  vein  ;  9',  the  pubic  twigs  which  anastomose 
with  descending  twigs  of  the  epigastric  artery,  and  from  which,  by  the  enlargement  of 
one  of  them,  the  aberrant  obturator  artery  may  proceed  ;  10,  inferior  vesical ;  11,  middle 
hicmorrhoidal  vessels  ri.sing  in  this  instance  from  the  pudic  ;  12,  epigastric  artery  winding 
to  the  inside  of  +,  +,  the  vas  deferens  and  spermatic  cord  ;  13,  circumflex  iliac  artery  ; 
14,  spermatic  artery  and  vein  divided  superiorly;  15,  twigs  of  the  ilio-lumbar  artery 
proceeding  to  anastomose  with  tbe  circumflex  iliac. 
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The  place  of  division  of  IheRe  arteries  is  subjeet  to  great  variety.  Tn  two  thirds  of 
a  large  number  of  oases,  it  ranged  between  the  middle  of  the  last  lumbar  vertebra  and 
the  upper  margin  of  tlie  sacrum  ;  in  one  case  out  of  eiglit  it  was  above,  and  in  one 
case  out  of  six  it  was  below  that  space.  Most  frequently  the  left  artery  was  found  to 
divide  lower  down  than  tlie  right.    (11.  Quain.) 

The  length  in  most  instances  between  an  inch  and  a  half  and  three  inches 

hui  it  has  been  seen  in  some  rare  cases  less  than  half  an  inch,  and  as  long  as  four 
inches  and  a  half.  In  one  instance,  recorded  by  Cruveilhier,  ("Anat.  descript." 
v.  iii.  p.  186,)  the  right  common  iliac  artery  was  wanting,  and  the  internal  and 
external  vessels  of  that  side  arose  as  distinct  branches  from  the  aorta. 

Branches.— 'YYiO:  common  iliac  artery  often  gives  oif  a  small  unnamed  branch  to  the 
lymphatic  glands,  the  ureter  or  the  psoas  muscle,  and  sometimes  evea  a  larger  branch 
— a  renal  artery,  a  lumbar,  or  the  ilio-lumbar. 


INTERNAL  ILIAC  ARTERY. 

The  internal  iliac  artery  (hypogastrica,  pelvica)  extends  from  tlie  bifurca- 
tion of  the  common  iliac  artery  towards  the  sacro-sciatic  foramen,  near 
which  it  divides  into  branches.  It  is  usually  about  an  inch  and  a  half  in 
length,  and  is  smaller  than  the  external  iliac  in  the  adult,  but  the  reverse 
in  the  foetus.  At  its  origin,  the  artery  lies  near  the  inner  border  of  the 
psoas  muscle  ;  lower  down,  it  rests  against  part  of  the  pyriform  muscle. 
Behind  it  are  sitiiated  the  internal  iliac  vein,  and  the  communicating  branch 
which  passes  from  the  lumbar  to  the  sacral  plexus  of  nerves  :  in  front  it  is 
crossed  by  the  ureter,  which  separates  it  from  the  peritoneiim. 

Branches. — The  branches  of  the  internal  iliac  artery,  though  constant, 
and  regular  in  their  general  distribution,  vary  much  in  their  origin.  They 
arise,  in  most  instances,  from  two  principal  divisions  of  the  parent  trunk, 
of  which  one  is  anterior  to  the  other.  From  the  anterior  division  arise  the 
superior  vesical  (connected  with  the  pervious  portion  of  the  foetal  hypo- 
gastric artery),  the  inferior  vesical,  middle  hsemorrhoidal,  obturator,  internal 
pudic,  and  sciatic  arteries,  and  also,  in  the  female,  the  uterine  and  the 
vaginal  arteries.  The  posterior  division  gives  off  the  gluteal,  the  ilio-lumbar, 
and  the  lateral  sacral  arteries. 

Peculiarities. — Length. —  The  internal  iliac  artery  has  been  found  as  .short  as 
half  an  inch,  and  sometimes  as  long  as  three  inches,  but  it  is  not  often  less  than  an 
inch  in  length.  An  instance  has  been  observed  in  which  this  vessel  was  absent,  and  its 
branches  were  derived  from  a  bend  of  the  external  iliac  artery  down  into  the  pelvis 
(Preparation  in  Univ.  Coll.  Mus.,  London).  The  lengths  of  the  common  iliac  and 
internal  iliac  arteries  bear  an  inverse  proportion  to  each  other — the  internal  iliac 
being  long  when  the  common  iliac  is  short,  and  vice  versd.  Moreover,  when  the 
common  iliac  is  short,  the  internal  iliac  (arising  higher  than  usual)  is  placed  for  some 
distance  above  the  brim  of  the  pelvis,  and  descends  by  the  side  of  the  external  iliac 
to  reach  that  cavity. 

The  place  of  division  of  the  internal  iliac  into  its  branches  varies  between  the  upper 
margin  of  the  sacrum  and  the  upper  border  of  the  sacro-sciatic  foramen. 

Branches. — Sometimes  all  the  branches  of  the  internal  iliac  artery  arise  without  the 
previous  separation  of  that  vessel  into  two  portions. 

In  more  than  a  fourth  of  11.  Quain's  cases  a  branch,  corresponding  usually  to  the 
ilio-lumbar  artery,  arose  before  the  subdivision  of  the  main  trunk. 

Hypo(}astric  Artery. — In  the  foetus,  the  internal  iliac  artery,  retaining 
almost  the  full  size  of  the  common  iliac,  curves  forwards  from  that  artery 
to  the  side  of  the  urinary  bladder,  and  ascends  on  the  anterior  wall  of  the 
abdomen  to  the  umbilicus.    There  the  vessels  of  opposite  sides  come  iu 
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contact  with  one  another  and  with  tho  umbilical  vein,  and  coiling  spirally 
round  that  vein  in  the  umbilical,  cord,  they  proceed  to  the  placenta.  To 
that  part  of  tho  artery  which  is  placed  withiu  the  abdomen,  the  term  hypo- 
gastric is  applied  ;  the  remaining  portion,  passing  onwards  through  the 
umbilicus  to  the  placenta,  being  the  proper  unibUical  artery.  After  the 
cessation  of  the  placental  circulation  at  birth,  the  two  hypogastric  arteries 
become  impervious  from  the  side  of  the  bladder  upwards  to  the  umbilicus, 
and  are  converted  iuto  fibrous  cords.  These  two  cords,  which  extend 
from  the  sides  of  the  bladder  to  behind  the  umbilicus,  being  shorter  thaa 
the  part  of  the  peritoneum  on  which  they  rest,  cause  a  fold  of  the  serous 
membnine  to  project  inwards ;  and  thus  are  formed  two  fossae  (fossae  of  the 
peritoneum)  on  each  side  of  the  abdomen,  in  one  or  other  of  which  the  pro- 
jection of  a  direct  inguinal  hernia  takes  place.  The  part  of  the  artery 
intervening  between  the  origin  of  the  vessel  and  the  side  of  the  bladder 
remains  pervious,  although  proportionally  much  reduced  in  size,  and  forms 
the  trunk  of  the  superior  vesical  artery. 


BEANCHES  OF  THE  INTERITAL  ILIAC  ARTERY. 

I.   VESICAL  ABTERIES. 

The  urinary  bladder  receives  several  arteries,  amongst  which,  however, 
may  be  specially  recognised  two  principal  branches,  a  superior  and  an  inferior 
vesical  artery. 

The  superior  vesical  artery  is,  at  its  commencement,  that  part  of  the 
hypogastric  artery  in  the  foetus  which  remains  pervious  after  the  changes 
that  take  place  subsequently  to  birth.  It  extends  from  the  anterior  divisFou 
of  the  internal  iliac  to  the  side  of  the  bladder. 

Bkanches.— (a)  It  distributes  numerous  branches  to  the  upper  part  and  sides  of  the 
bladder. 

(b)  The  artery  of  the  vas  deferens,  or  the  deferent  artery,  arising  from  one  of  the 
lowest  of  these,  is  a  slender  artery  which  reaches  the  vas  deferens,  and  accompanies 
that  duct  m  its  course  through  the  spermatic  cord  to  the  back  of  the  testicle,  where  it 
anastomoses  with  the  spermatic  artery. 

(c)  Other  small  branches  ramify  on  the  lower  end  of  the  ureter. 

The  inferior  vesical  artery  (vesico-prostatic),  derived  usually  from  the 
anterior  division  of  the  internal  iliac,  is  directed  downwards  to  the  lower 
part  of  the  bladder,  where  it  ends  in  branches  which  are  distributed  to  the 
base  of  the  bladder,  to  the  side  of  the  prostate,  and  to  the  vesicute  semi- 
nales.    One  offset,  to  be  presently  described,- descends  upon  the  rectum. 

The  branches  upon  the  prostate  communicate  more  or  less  freely  upon  that  body 
^i^^:;^^!^:^'  '''''  -ordin^.to%aner, 
Small  twigs  of  this  vessel  also  run  towards  the  subpubic  arch,  and  in  instances  of 

cularly  to  the  under  surface  of  the  vesicute  seminalcl  distributed  parti. 

Middle  hemorrhoidal  artery.-This  branch  is  usually  supplied  to  the 
rectum  by  the  inferior  vesical  artery,  but  sometimes  proceeis%rom  other 
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Pig.  289. 


Fig.  289. — View  of  the  Yisoera  of  the  Male  Pelvis  prom  the  left  side,  showing 
THE  Vesical  and  Pudic  Arteries  (from  R.  Quain).  ^ 

a,  the  OS  pubis  divided  a  little  to  the  left  of  the  symphysis ;  6,  placed  close  to  the 
tipper  part  of  the  urinary  bladder,  npon  which  lies  the  vas  deferens ;  c,  placed  on  the 
iipper  part  of  the  rectum,  near  the  left  ureter  ;  c',  at  the  junction  of  the  middle  and  lower 
parts  of  the  rectum  points  to  the  vesicula  seminalis  ;  c",  the  anus  ;  d,  the  urethral  bulb  ; 
e,  the  crus  penis  divided  ;  /,  the  short  sacro-sciatic  ligament  attached  to  the  spine  of  the 
ischium  ;  1,  common  iliac  artery  ;  2,  internal  iliac  artery  ;  3,  gluteal  artery  cut  short ; 
4,  common  trunk  of  the  sciatic  and  pudic  arteries  ;  4',  sciatic  artery  cut  as  it  is  passing 
out  of  the  great  sacro-sciatic  foramen  ;  5,  placed  on  the  divided  surface  of  the  ischium 
near  the  spine,  points  to  the  pudic  artery  as  it  is  about  to  re-enter  the  pelvis  by  the 
lesser  sacro-sciatic  foramen  ;  5',  the  superficial  perineal  branches  of  the  pudic ;  5",  the 
pudic  artery,  proceeding  to  give  the  artery  of  the  bulb,  and  passing  on  to  give  6,  the 
artery  of  the  crus  penis  and  the  dorsal  artery  of  the  penis  ;  7,  placed  on  the  middle  part  of 
the  rectum,  points  to  the  descending  branches  of  the  superior  hemorrhoidal  artery  ;  8,  the 
superior  and  middle  vesical  arteries  ;  9,  the  inferior  vesical  artery,  of  considerable  size  in 
this  instance,  giving  branches  to  the  bladder,  the  vesicula  seminalis,  the  rectum  (middle 
hreraorrhoidal),  and  9',  to  the  prostate  gland. 


sources.  It  anastomoses  with  the  brandies  - of  the  other  hsemorrhoidal 
arteries. 

II.    UTERINE  AND  VAGINAL  ABTEBIES. 

The  uterine,  artery  is  directed  downwards  from  the  anterior  division  of  the 
internal  iliac  artery  towards  the  neck  of  the  uterus.  Insinuating  itself  be- 
tween the  layers  of  the  broad  ligament,  it  passes  upwards  on  the  side  of  the 
uterus,  pursuing  an  exceedingly  tortuous  course,  and  sends  off  numerous 
branches,  which  enter  the  substance  of  that  organ. 

This  artery  supplies  small  branches  to  the  bladder  and  the  ureter ;  and,  near  its 
termination,  communicates  with  an  offset  directed  inwards  from  the  ovarian  artery. 

Vaginal  artery. — The  vagina  derives  its  arteries  principally  from  a  branch 
which  corresponds  with  the  inferior  vesical  in  the  male.  The  vaginal  artery 
descends  and  ramifies  upon  the  vagina,  at  the  same  time  sending  some 
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offsets  to  the  lower  part  of  the  bladder  over  the  neck,  and  others  to  the 
contiguous  part  of  the  rectum. 


Fig.  290. 


Fig.  290. — VlRW  OF  THE  DISTRIBUTION  OP  THE  ARTERIES  TO  THE  ViSOERA  OP  THE  FemALE 

Pelvis,  as  seen  on  the  removal  op  the  lept  Os  Innominatcm,  &o.  (from  R. 
Quain).  \ 

a,  the  left  auricular  surface  of  the  sacrum  ;  6,  the  spine  of  the  ischium  with  the  short 
sacro-sciatic  ligament ;  c,  the  os  pubis  cut  a  little  to  the  left  of  the  symphysis  ;  d,  placed 
upon  the  sigmoid  part  of  the  colon,  and  d'  on  the  lower  part  of  the  urinary  bladder,  point 
to  the  ureter  ;  e,  on  the  upper  part  of  the  body  of  the  uterus,  points  by  a  line  to  the  left 
ovary  ;  /,  on  the  upper  part  of  the  bladder,  points  to  the  left  Fallopian  tube  ;  /',  round 
ligament  of  the  uterus  ;  1,  left  external  iliac  artery  cut  short  ;  2,  left  internal  iliac 
artery  ;  3,  gluteal  artery  cut  short ;  4,  4,  left  pudic  artery  from  which  a  part  has  been 
removed  ;  4',  the  same  artery  after  it  h^s  re-entered  the  pelvis  proceeding  towards  the 
muscles  of  the  perinajum,  clitoris,  &c.  ;  5,  placed  on  the  sacral  nerves,  points  to  the  sciatic 
artery  ;  6,  6',  inferior  vesical  and  vaginal  arteries  ;  6",  branches  from  these  to  the  rectum  ; 
7,  uterine  artery  much  coiled  ;  8,  the  superior  vesical,  and  8',  the  remains  of  the  hypo- 
gastric artery ;  9,  9,  the  left  ovarian  artery,  descending  from  the  aorta,  and  emerging 
from  below  the  peritoneum  ;  10,  the  superior  haemorrhoidal  artery  spreading  over  the  left 
side  of  the  rectum. 


III.   OBTURATOR  ARTERY. 

The  obturator  artery  is  in  most  instances  derived  from  the  internal  iliac  ; 
it  usually  arises  from  the  anterior  portion  of  that  vessel,  but  not  unfre- 
quently  from  its  posterior  division.  The  artery  ia  directed  forwards  along 
the  inside  of  the  pelvis  to  reach  the  groove  at  the  upper  part  of  the  thyroid 
foramen.  By  this  aperture  it  passes  out  of  the  pelvis,  and  immediately 
divides  into  its  terminal  branches.  In  its  course  through  the  pelvis,  the 
artery  is  placed  between  the  pelvic  fascia  and  the  peritoneum,  a  little  below 
the  obturator  nerve.  Beneath  the  pubes  it  lies  with  its  accompanying  vein 
and  nerve  in  an  oblique  canal,  formed  partly  by  a  groove  in  the  bone, 
and  partly  by  fibrous  tissue,  after  passing  through  which  it  divides  imme- 
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diately  into  an  external  and  an  internal  brancli,  which  are  deeply  placed 
belund  the  external  obturator  muscle. 

Branches. — {a)  Within  the  pelvis,  besides  others  of  smaller  size,  the  obturator 
artery  often  supplies  a  branch  to  the  iliac  fossa  and  muscle,  and  one  which  runs 
backwards  upon  the  urinary  bladder. 

(b)  Anastomotic  vessels,  which  may  be  called  pubic,  are  given  ofF  by  the  obturator 
artery  as  it  is  about  to  escape  from  the  pelvis :  these  vessels  ramify  on  the  back  of  the 
pubes,  and  communicate  behind  the  bone  and  the  attachments  of  the  abdominal 
muscles,  with  small  offsets  from  the  epigastric  artery.  These  anastomosing  brandies 
lie  to  the  inner  side  of  the  crural  ring, 

(c)  The  internal  terminal  branch  curves  inwards  beneath  the  obturator  externu.% 
close  to  the  inner  margin  of  the  thyroid  foramen,  and  furnishes  branches  to  the  obtu- 
rator muscles,  the  gracilis,  and  the  adductor  muscles. 

{(1)  The  external  terminal  branch  has  a  similar  arrangement  near  the  outer  margin 
of  the  thyroid  foramen;  it  descends  as  far  as  the  ischial  tuberosity,  and  supplies  the 
obturator  muscles,  and  the  upper  ends  of  the  long  muscles  which  are  attached  to  that 
tuberosity.  This  branch  usually  sends  off  a  small  artery,  which  enters  the  hip-joint 
through  the  cotyloid  notch,  and  ramifies  in  the  synovial  fatty  tissue,  and  along  the 
round  ligament  as  far  as  the  head  of  the  femur. 


Fig.  291.  Fig.  291,  A.  and  B.— Views 

OF  THE  Left  Wall  of  the 
Pelvis,  with  the  attached 
abdominal  muscles  from 
the  inside,  showing  dif- 
^  ferent  positions  of  the 
Aberrant  Obturator  Ar- 
teries (from  R.  Quain).  J 

In  A,  a  case  is  represented 
in  which  the  aberrant  artery 
passes  to  the  outside  of  a 
femoral  hernial  protrusion  ;  in 
B,  an  instance  is  shown  in 
which  it  surrounds  the  neck  of 
the  sac. 

a,  posterior  surface  of  the 
rectus  muscle  ;  b,  iliacus  in- 
ternus  muscle  ;  c,  symphysis 
pubis  ;  d,  obturator  mem- 
brane ;  c,  placed  on  the  fascia 
transversalis,  points  to  the  vas 
deferens  passing  through  the 
internal  inguinal  aperture  ;  /, 
E  the  testicle  ;  +,  the  neck  of  a 
femoral  hernial  sac  ;  1,  the 
external  iliac  artery ;  2,  the 
external  iliac  vein  ;  below  2, 
the  obturator  nerve ;  3,  the 
.epigastric  artery  ;  4,  aberrant 
obturator  artery,  arising  from 
the  epigastric. 

The  two  terminal  branches 
of  the  obturator  artery  com- 
municate with  each  other  near 
the  lower  margin  of  the  ob- 
turator ligament,  and  anastomose  with  branches  of  the  internal  circumflex  artery. 
The  external  branch  also  communicates  with  oflfsets  from  the  sciatic  artery  near  the 

^"pl^cuLURiTiKS.-The  obturator  artery  frequently  lias  its  origin  transferred  to  the 


PUDIC  AJri'EltY. 


425 


commencement  of  the  epigastric  artery,  and  sometimes  to  the  external  iliac  at  its 
termination. 

In  361  cases  observed  by  R.  Quain,  the  origin  of  the  obturator  artery  varied  as 
follows :— In  the  proportion  of  2  cases  out  of  3,  it  arose  from  the  internal  iliac  :  in  1 
case  out  of  34,  from  the  epigastric :  in  a  very  small  number  of  cases  (about  1  in  72), 
it  arose  by  two  roots  from  both  the  above-named  vessels ;  and  in  about  the  same 
proportion,  from  the  external  iliac  artery. 

Sometimes  the  obturator  artery  arises  from  the  epigastric  on  both  sides  of  the  same 
body,  but,  in  the  majority  of  instances,  this  mode  of  origin  of  the  vessel  is  met  with 
only  on  one  side. 

When  the  obturator  artery  arises  from  the  epigastric  it  turns  backwards  into  the 
pelvis  to  reach  the  canal  at  the  upper  part  of  the  thyroid  foramen  ;  and  in  this  course 
it  is  necessarily  close  to  the  crural  ring,  tiie  opening  situated  at  (he  inner  side  of  the 
external  iliac  vein,  through  wliich  hernial  protrusions  descend  from  the  abdomen  into 
the  thigh.  In  the  greater  number  of  instances  the  artery  springs  from  near  the  root 
of  the  epigastric,  and  is  directed  backwards  close  to  tlie  iliac  vein,  and  therefore  lies  to 
the  outer  side  of  the  femoral  ring;  but  in  other  instances,  arising  from  the  epigastric 
artery  higher  up,  it  occasionally  crosses  over  the  ring,  and  curves  to  its  inner  side.  It 
is  when  it  takes  this  last  course  that  the  obturator  artery  is  liable  to  be  wounded  in 
the  operation  for  dividing  the  stricture  in  a  femoral  hernia. 

The  anastomosis  which  normally  exists  between  the  obturator  artery  and  the  epi- 
gastric explains  the  nature  of  the  change  which  takes  place  when  the  origin  of  the 
obturator  artery  is  transferred  from  the  one  place  to  the  other.  In  such  cases  one 
of  the  anastomosing  vessels  may  be  supposed  to  have  become  enlarged,  and  the  pos- 
terior or  proper  root  of  the  obturator  artery  to  have  remained  undeveloped  or  to  have 
been  obliterated  in  a  proportionate  degree. 


IV.    PUDIC  ARTERY. 


The  pudic  or  internal  pudic  artery  is  a  branch  of  considerable  size  (smaller 
in  the  female  than  in  the  male),  which  is  distributed  to  the  external  gene- 
rative organs.  The  following  description  of  this  artery  has  reference  to  its 
arrangement  in  the  male  ;  its  distribution  in  the  female  wUl  be  noticed 
separately. 

The  pudic  artery  arises  from  the  anterior  division  of  the  internal  iliac 
sometimes  by  a  trunk  common  to  it  and.  the  sciatic  artery.  Proceeding 
downwards,  it  passes  siiperficially  or  posteriorly  close  to  the  ischial  spine,  thus 
emerging  from  the  pelvis  along  with  the  sciatic  artery,  through  the'great 
sacro-sciatic  foramen.  Continuing  in  a  uniformly  curved  course,  it  re-enters 
the  pelvis  by  the  small  sacro-sciatic  foramen,  immediately  below  the  ischial 
spine,  and  passes  forward  on  the  inner  side  of  the  tuber  ischii,  in  the  sub- 
stance of  the  obturator  fascia. 

Distant  at  first  from  the  lower  margin  of  the  ischial  tuberosity  an  inch 
or  an  inch  and  a  half,  it  approaches  the  surface  on  the  inner  margin  of  the 
pubic  arch,  and  lies  subjacent  to  the  triangular  ligament  or  superficial  layer 
of  the  subpubic  fascia.  Finally,  piercing  this  fascia,  it  divides  below  the 
subpubic  arch  mto  the  dorsal  artery  of  the  penis  and  the  artery  of  the 
corpus  cavernosum. 

In  the  first  part  of  its  course,  whilst  within  the  pelvis,  the  pudic  artery 
hes  to  the  outer  side  of  the  rectum,  and  in  front  of  the  pyriformis  muscle 
and  the  sacral  nerves  Thence  onwards  it  is  accompanied  by  the  pudic 
nerve  and  vem.  On  the  ischial  spine  it  is  covered  by  the  gluteus  maximus 
muscle  close  to  its  origin.  In  the  obturator  fascia  it  lies  exteiuartoX 
ischio-rectal  fossa  and  internal  to  the  obturator  internus  ml  ;  I^^^^^^^^^ 
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]3hanoiibs  — (a)  The  inferior  or  external  hcemorrhoidal  arteries,  two  or  three  in 
number,  incline  inwards  from  the  pudic  artery  as  it  passes  outside  the  ischio-rectal 
ossa  above  the  tuber  ischu.    These  small  vessels  run  across  the  ischio-rectal  fossa 
tnrougu  the  iat  in  that  space,  and  are  distributed  to  the  sphincter  and  levator  ani 
muscles,  and  to  the  parts  surrounding  the  anus. 


Fig.  292. — View  of  the  Distribution  op  the  Arteries  to  the  Viscera  op  the  Male 
Pelvis,  as  seen  on  the  removal  of  the  Left  Os  Innominatum,  &c.  (from  R.  Quain).  ~ 

a,  left  external  oblique  muscle  of  the  abdomen  divided ;  6,  internal  oblique  ;  c,  trans- 
versalis  ;  d,  d,  the  parts  of  the  rectus  muscle  divided  and  separated  ;  e,  psoas  magnus 
muscle  divided  ;  /,  placed  on  the  left  auricular  surface  of  the  sacrum,  points  by  a  Hue  to 
the  sacral  plexus  of  nerves  ;  g,  placed  on  the  os  pubis,  sawn  through  a  little  to  the  left  of 
the  symphysis,  points  to  the  divided  spermatic  cord  ;  h,  the  cut  root  of  the  crus  penis  ; 
i,  the  bulb  of  the  urethra  ;  Jc,  elliptical  sphincter  ani  muscle  ;  I,  a  portion  of  the  ischium 
near  the  spinous  process,  to  which  is  attached  the  short  sacro-sciatic  ligament ;  m,  the 
parietal  peritoneum  ;  m,  the  upper  part  of  the  urinary  bladder  ;  n',  n',  the  left  vas  deferens 
descending  towards  the  vesicula  seininalis  ;  n",  the  left  ureter  ;  o,  the  intestines  ;  1,  the 
common  iliac  at  the  place  of  its  division  into  external  and  internal  iliac  arteries  ;  2,  left 
external  Uiac  artery  ;  3,  internal  iliac  ;  4,  obliterated  hypogastric  artery,  over  which  the 
vas  deferens  is  seen  passing,  with  the  superior  vesical  artery  below  it  ;  5,  middle  vesical 
artery  ;  6,  inferior  vesical  artery,  giving  branches  to  the  bladder,  and  descending  on  the 
jirostate  gland  and  to  the  back  of  the  pubes  ;  7,  placed  on  the  sacral  plexus,  points  to  the 
common  trunk  of  the  pudic  and  sciatic  arteries  ;  close  above  7,  the  gluteal  artery  is  seen 
cut  short ;  8,  sciatic  artei-y  cut  short  as  it  is  escaping  from  the  pelvis  ;  9,  placed  on  the 
rectum,  points  to  the  pudic  artery  as  it  is  about  to  pass  behind  the  spine  of  the  ischium  ; 
9',  on  the  lower  part  of  the  rectum,  points  to  the  inferior  hemorrhoidal  branches  ;  9", 
on  the  peiinseum,  indicates  the  superficial  perineal  branches ;  9"',  placed  on  the  prostate 
gland,  marks  the  pudic  artery  as  it  gives  off  the  arteries  of  the  bulb  and  of  the  crus  penis; 
10,  placed  on  the  middle  part  of  the  rectum,  indicates  the  superior  hsemorrhoidal  arteries 
as  they  descend  upon  that  viscus. 


(b)  The  superficial  perineal  arteiy,  a  long,  slender,  but  regular  vessel,  supplies  the 
scrotum  and  the  upper  part  of  the  perinroum.  Given  off  from  the  pudic  artery  in 
front  of  the  haemorrhoidal  branches,  it  turns  upwards  parallel  with  the  pubic  arch, 
crosses  the  transverse  muscle  of  the  perinteum,  and  runs  forwards  under  cover  of  the 
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superficial  fascia,  between  the  ereetor  penis  and  accelerator  um.^  m^ 
both.    In  this  course  the  artery  gradually  becomes  superficial,  and  s  """^''y 
buted  to  the  skin  of  the  scrotum  and  the  dartos.    It  not  unfrcquently  gives  ott  the 
following  branch. 

Fig.  293.  —  Dissection  ^'g-  ^^'3. 

OK  THE  PeIUNJEUM  IN  A 

You.vo  Male  Subject, 
SHOWING  the  Blood- 
vessels, &c.  4 

This  drawing  is  made 
from  a  preparation  upon 
a  modification  of  the  plan 
of  R.  Quain's  61st  and 
62nd  Plates.  The  rifiht 
side  shows  a  superficial, 
the  left  a  deeper  view. 

a,  the  anus,  with  a 
part  of  the  integument 
surrounding  it ;  b,  left 
half  of  the  bulb  of  the 
urethra  exposed  by  the 
removal  of  a  part  of  the 
bulbo-cavernosus  muscle ; 
c,  coccyx  ;  d,  right  tube- 
rosity of  the  ischium  ;  e, 
e,  the  anterior  part  of  the 
superficial  perineal  fascia 
passing  forward  upon  the 
scrotum,  and  removed 
from  the  surface  of  the 

muscles  and  its  reflections 

into  the  deep  fascia ;  /, 

right  ischio-rectal  fossa 

from  which  the  fat  and 

fascia  have  not  been  re- 
moved ;  [/,  gluteus  maxi- 

mus  muscle  ;  1,  placed 

on  the  right  transversus 

perinoei  muscle,  points  to 

the  superficial  perineal 

artei"y  as  it  emerges  in 

front  (in  this  case)  of  the 

muscle ;  1',  placed  on  the 

left  side  on  the  surface  of 

the  triangular  ligament 

near  its  reflection  into 

the  superficial  fascia,  points  to  the  superficial  perineal  artery  cut  short ;  2,  on  the  right 
ischio-cavernosus  muscle,  points  to  the  superficial  perineal  arteries  and  nerves  passing 
forward  ;  2',  the  same  on  the  left  side,  the  vessels  and  nerves  having  been  divided  thei'e  ; 
3,  on  the  triangular  ligament  of  the  right  side,  points  to  the  transverse  perineal  branch 
of  the  superficial  perineal  artery  ;  4,  on  the  left  tuberosity  of  the  ischium,  points  to  the 
pudic  artery  deep  in  the  ischio-rectal  fossa  ;  6,  5',  the  inferior  hseraorrhoidal  branches 
of  the  pudic  arteries  and  nerves  ;  6,  on  the  left  side,  placed  in  a  recess  from  which  the 
triangular  ligament  or  anterior  layer  of  the  sub-pubic  fascia  has  been  removed  to  show  the 
continuation  of  the  pudic  artery,  its  branch  to  the  bulb,  and  one  of  Cowper's  glands. 


(c)  The  transverse  perineal  artery,  a  very  small  vessel,  arises  cither  from  the 
pudic  artery,  or  from  the  superficial  perineal,  near  the  transversus  perinasi  muscle. 
It  lies  across  the  perinoeum,  and  terminates  in  small  branches  which  are  distributed 
to  the  transverse  muscle,  and  to  the  parts  between  the  anus  and  the  bulb  of  the 
urethra. 

(d)  The  artery  of  the  bulb,  is,  surgically  considered,  an  important  vessel.    It  is  very 
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short ;  arising  from  the  putlic  between  the  layers  of  the  sub-pubic  fascia,  and  passing 
transversely  inwards,  this  artery  reaches  the  bulb  a  little  in  front  of  the  central 
point  of  the  perinseum,  and  ramifies  in  the  erectile  tissue.  It  gives  a  branch  to 
Cowper*8  gland. 

(e)  The  arteinj  of  the  corpus  cavernoaum  (profunda  penis),  one  of  the  terminal 
branches  of  the  internal  pudic,  runs  a  short  distance  between  the  crus  penis  and  the 
ramus  of  the  pubes,  and  then  continuing  forward  penetrates  the  crus,  and  ramifies 
in  the  corpus  cavernosum. 

(/)  The  dorsal  artery  of  the  penis  runs  between  the  crus  and  the  pubic  symphysis : 
having  pierced  the  suspensory  ligament,  it  continues  along  the  dorsum  of  the  penis 
immediately  beneath  the  skin,  and  parallel  with  the  dorsal  vein,  as  well  as  with  the 
corresponding  artery  of  the  opposite  side.  It  supplies  the  integument  of  the  penis, 
and  the  fibrous  sheath  of  the  corpus  cavernosum,  anastomosing  with  the  deep  arteries; 
and,  near  the  corona  glandis,  divides  into  branches,  which  supply  the  glans  and  the 
prepuce. 

Peculiarities. — Origin.  The  pudic  artery  is  sometimes  small,  or  it  is  defective  in 
one  or  two,  or  even  three  of  its  usual  branches,  ^hich,  in  those  circumstances,  are  sup- 
plied by  a  supplemental  vessel,  the  "  accessory  pudic."  The  defect  most  frequently 
met  with  is  that  in  which  the  pudic  ends  as  the  artery  of  the  bulb,  whilst  the  arteries 
of  the  corpus  cavernosum  and  the  dorsum  of  the  penis  are  derived  from  the  acces- 
sory pudic.  But  all  the  three  arteries  of  the  penis  may  be  supplied  by  the  accessory 
pudic,  the  pudic  itself  ending  as  the  superficial  perineal.  A  single  accessory  pudic 
has  been  seen  to  supply  both  cavernous  arteries,  whilst  the  pudic  of  the  right  side 
gave  both  dorsal  arteries.  On  the  other  hand,  cases  have  occurred  in  which  only 
a  single  branch  was  furnished  by  the  accessory  artery,  either  to  take  the  place  of 
an  ordinary  branch  altogether  wanting,  or  to  aid  one  of  the  branches  which  was 
diminutive  in  size. 

The  accessory  pudic,  the  occasional  artery  above  alluded  to,  generally  arises  from 
the  pudic  itself,  before  the  passage  of  that  vessel  from  the  sacro-sciatic  foramen,  and 
descends  within  the  pelvis^  and  along  the  lower  part  of  the  urinary  bladder.  It  lies 
on  the  upper  part  of  the  prostate  gland,  or  it  may  be,  for  a  short  space,  likewise  on 
the  posterior  margin,  and  then  proceeding  forwai'ds  above  the  membranous  part  of 
the  urethra,  reaches  the  perinseum,  by  piercing  the  fascia  of  the  sub-pubic  arch. 

The  accessory  pudic  sometimes  arises  with  the  other  branches  from  the  internal 
iliac,  and  is  not  unfrequently  connected  with  the  prostatic  or  other  branch  of  the 
inferior  vesical  artery,  A  vessel  having  a  similar  distribution  may  spring  from  the 
external  iliac,  through  an  irregular  obturator,  or  through  the  epigastric  artery. 

Branches.—  Artery  of  the  bidh.  This  vessel  is  sometimes  small,  sometimes 
wanting  on  one  side,  and  occasionally  it  is  double.  But  a  more  important  deviation 
from  the  common  condition  is  one  sometimes  met  with,  in  which  the  vessel,  arising 
earlier,  and  crossing  the  perinceum  farther  back  than  usual,  reaches  the  bulb  from 
behind.  In  such  a  case  there  is  considerable  risk  of  dividing  the  artery  in  performing 
the  lateral  operation  for  stone.  On  the  other  hand,  when  this  small  vessel  arises  from 
an  accessory  pudic  artery,  it  lies  more  forward  than  usual,  and  out  of  danger  in  case 
of  operation. 

The  dorsal  artery  of  the  penis  has  been  observed  to  arise  from  the  deep  femoral 
artery  and  to  pass  obliquely  upwards  and  inwards  to  reach  the  root  of  the  penis. 
Tiedemann  gives  a  drawing  of  this  variety. 

The  pudic  artery  in  the,  female. — Tn  the  female  this  vessel  is  much 
smaller  than  in  the  male.     Its  course  is  similar,  and  it  gives  the  following 

branches: 

The  superficial  perineal  branch  is  distributed  to  the  labia  pudendi.  The 
artery  of  the  bidb  supplies  the  mass  of  erectile  tissue  above  and  at  the  sides 
of  the  entrance  of  the  vagina,  named  the  bulb  of  the  vagina.  Whilst  the 
two  terminal  branches,  corresponding  to  the  artery  of  the  corpus  cavernosum 
and  the  dorsal  artery  of  the  penis,  are  distributed  to  the  clitoris,  and  are 
named  the  profunda  and  dorsal  arteries. 
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V.   SCIATIC  AUTEEY. 

The  sciatic  artery,  the  largest  branch  of  the  internal  iliac  trunk,  excepting 
the  gluti'al,  is  distributed  to  the  muscles  on  the  back  of  the  pelvis.  It 
descends  upon  the  pelvic  surface  of  the  pyriformis  muscle  and  the  sacral 
plexus  of  nerves  ;  and  turning  backwards  beneath  the  border  of  that  muscle, 
it  passes  between  it  and  the  superior  gemellus,  and  thus  escapes  from  the 
pelvis,  along  with  the  great  sciatic  nerve  and  the  pudic  artery,  at  the  lower 
part  of  the  great  sciatic  foramen.  Outside  the  pelvis,  this  artery  lies  in  the 
interval  between  the  tuber  ischii  and  the  great  trochanter,  covered  by  the 
gluteus  maximus. 

BRANcnEs.— Tlie  sciatic  artery  gives  off  several  branchcB  to  the  external  rotator 
muscles  of  the  thigh,  on  which  it  lies,  and  to  the  great  gluteus  by  which  it  is  con- 
cealed.   Two  others  have  received  special  names,  viz.,  the  following  :— 

(rt)  The  coccygeal,  inclines  inwards,  and  piercing  the  great  sacro-sciatic  ligament, 
reaches  the  posterior  surface  of  the  coccyx,  and  ramifies  in  the  fat  and  skin  about  that 
bone. 

(6)  The  other  named  branch,  comes  nervi  ischiadici,  runs  downwards,  accompany- 
ing the  sciatic  nerve,  along  which  it  sends  a  slender  vessel. 

Some  of  the  branches  of  this  artery  are  distributed  to  the  capsule  of  the  hip-joint ; 
whilst  others,  after  supplying  the  contiguous  muscles,  anastomose  with  the  gluteal, 
the  internal  circumflex,  and  the  superior  perforating  arteries  in  the  upper  part  of  the 
long  flexor  muscles  of  the  thigh. 

TI.    GLUTEAL  ARTERY. 

The  gluteal  artery,  the  largest  branch  of  the  internal  iliac,  is  distributed 
to  the  muscles  on  the  outside  of  the  pelvis.  It  inclines  downwards  to  the 
great  sacro-sciatic  foramen,  and  escaping  from  the  cavity  of  the  pelvis, 
between  the  contiguous  borders  of  the  middle  gluteal  and  the  pyriform 
muscles,  divides  immediately  into  a  superficial  and  a  deep  branch. 

Branches. — (a)  The  superficial  branch  running  between  the  gluteus  maximus  and 
gluteus  medlus,  divides  into  ramifications  which  are  most  copiously  distributed  to  the 
gluteus  maximus,  and  anastomose  with  the  sciatic  and  posterior  sacral  arteries. 

(6)  The  deep  branch,  situated  between  the  gluteus  medius  and  gluteus  minimus, 
runs  in  an  arched  direction  forwards,  and  divides  into  two  other  branches.  One  of 
these,  the  superior  branch,  follows  the  upper  border  of  the  gluteus  minimus  beneath 
the  middle  gluteal  muscle  and  the  tensor  of  the  fascia  lata,  towards  the  anterior  iliac 
spine,  and,  after  having  freely  supplied  the  muscles  between  which  it  passes,  anasto- 
moses with  the  circumflex  iliac  and  the  ascending  branches  of  the  external  circum- 
flex arteries.  The  second  or  inferior  branch  descends  towards  the  great  trochanter, 
supplies  the  gluteal  muscles,  and  anastomoses  with  the  external  circumflex  and  the 
sciatic  arteries. 

(c)  A  nutrient  branch  enters  the  hip-bone  at  the  place  where  the  artery  emerges 
from  the  pelvis. 

VII.   ILIO-LUMBAR  ARTERY. 

The  ilio-lumbar  artery  resembles  iu  a  great  measure  one  of  the  lumbar 
arteries.  It  passes  outwards  beneath  the  psoas  muscle  and  the  external 
iliac  vessels,  to  reach  the  margin  of  the  iliac  fossa,  where  it  separates  into  a 
himhar  and  an  iliac  division.  The  first  of  these  ramifies  iu  the  psoas  and 
quadratus  muscles,  communicating  with  the  last  lumbar  artery,  and  fur- 
nishing branches  to  the  vertebral  canal.  The  second  or  iliac  division, 
turning  downwards  and  outwards,  either  in  the  iliacus  muscle  or  between 
it  and  the  bone,  anastomoses  with  the  circumflex  iliac  artery,  and  even  with 
the  external  branches  of  the  epigastric. 
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nl.rv.  H     r  !■  !f  >l>o-l"mbar  artery  sometimes  arises  from  the  internal  iliac 

above  the  division  of  that  trunk;  and  more  rarely  from  the  common  lliar  S  e  iTac 
and  lumbar  portions  sometimes  arise  separately  from  the  parent  trunk 


Fig.  294. 


Fig.  294. — Arteries  of  the  Back 
OF  THE  Pelvis  and  Upi-ek  Paut 
OFTHE  Thigh  (from  Tiedemaiin).i 

a,  crest  of  the  ilium  ;  6,  tuber- 
osity of  the  ischium  and  lower 
attachment  of  the  great  sacro- 
sciatic  ligament  ;  c,  great  tro- 
chanter ;  d,  integument  round  the 
anus;  e,  great  sciatic  nerve;  ], 
trunk  of  the  gluteal  artery  as  it 
issues  from  the  great  sacro-sciatic 
foramen,  the  superficial  branches 
cut  short,  the  deep  arch  seen  pass- 
ing round  on  the  upper  part  of 
the  gluteus  minimus  muscle ;  2, 
placed  on  the  great  sacro-sciatic 
ligament,  points  to  the  pudic  artery 
at  the  place  where  it  winds  over 
the  back  of  the  spine  of  the  ischium  ; 
2',  the  continuation  of  the  artery 
towards  the  perinseum  on  the  in- 
side of  the  tuberosity  and  ramus 
of  the  ischium  ;  3,  3,  the  sciatic 
artery,  the  upper  figure  placed  on 
the  pyriformis  muscle,  the  lower 
on  the  great  sciatic  nerve ;  4,  4', 
first  perforating  artery  passing 
through  the  upper  part  of  the  great 
adductor  muscle  and  anastomosing 
with  the  posterior  branch  of  the 
internal  circumflex  artery,  which 
appears  between  the  quadratus  and 
the  adductor  muscles ;  5  and  6, 
part  of  the  second  and  third  per- 
forating arteries. 


When  the  lowest  of  the  lumbar 
arteries  is  wanting  it  is  replaced  by  a  branch  from  the  ilio-lumbar,  which  is  increased 
in  size,  and  by  a  small  offset  from  the'  middle  sacral  artery. 

VIII.    LATERAL  SACRAL  ARTERIES. 

The  lateral  sacral  arteries  are  usually  two  in  number  on  each  side,  though 
occasionally  they  are  united  into  one.  The  two  arteries  arise  close  together 
from  the  posterior  division  of  the  internal  iliac.  One  is  distributed  upon 
the  upper,  and  the  other  upon  the  lower  part  of  the  sacrum. 

Both  arteries  pass  downwards,  at  the  same  time  inclining  somewhat 
inwards,  in  front  of  the  pyriform  muscle  and  the  sacral  nerves,  which  they 
supply  with  twigs,  and  reach  the  inner  side  of  the  anterior  sacral  foramina. 
Continuing  to  descend,  the  lower  one  approaches  the  middle  line,  and 
anastomoses  with  the  middle  sacral  artery. 

Dorsal  Branches. — The  lateral  sacral  arteries  give  oflF  a  series  of  branches 
which  enter  the  anterior  sacral  foramina.  Each  of  these,  after  having 
furnished  within  the  foramen  a  spinal  branch,  which  ramifies  on  the  bones 
and  membranes  in  the  interior  of  the  sacral  canal,  escapes  by  the  cor- 
responding posterior  sacral  foramen,  and  is  disttibutod  upon  the  dorsal 
surface  of  the  sacrum. 
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The  external  of  the  two  arteries  resulting  from  the  division  of  the  common 
iliac  fonus  a  large  continuous  trunk,  which  extends  downwards  in  the  limb 
as  far  as  the  lower  border  of  the  popliteus  muscle,  but,  for  convenience  of 
description,  it  is  named  in  successive  parts  of  its  course  external  iliac, 
femoral,  and  poplite:il. 

The  external  iliac  artery,  larger  than  the  internal  iliac  artery,  is  placed 
■within  the  abdomen,  and  extends  from  the  division  of  the  common  iliac  to 
the  lower  border  of  Poupart's  ligament,  where  the  vessel  enters  the  thigh, 
and  is  named  femoral.  Descending  obliquely  outwards,  its  course  through 
the  abdominal  cavity  may  be  marked  by  a  line  drawn  from  the  left  side  of 
the  umbilicus  to  a  point  midway  between  the  anterior  superior  spinous 
process  of  the  ilium  and  the  symphysis  pubis.  This  line  would  also  mdicate 
the  direction  of  the  common  iliac  artery,  from  which  the  external  iliac  is 
directly  continued. 

The  vessel  is  covered  by  the  peritoneum  and  intestines.  It  lies  along  the 
upper  margin  of  the  true  pelvis,  resting  upon  the  inner  border  of  the  psoas 
muscle.    The  artery,  however,  is  separated  from  the  muscle  by  the  fascia 
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Fig.  295. — View  op 
the  principal  ar- 
teries and  tueir 
Divisions  on  the 
E.IGHT  Side  of  a 
Malk  Pelvis. 

For  the  detailed  de- 
scription of  this  figure 
sue  Fig.  288,  p.  419. 

2',  the  right  external 
iliac  artery,  accompa- 
nied by  the  correspond- 
ing vein  4',  passing 
below  into  the  femoral 
vessels  under  Poupart's 
ligament  ;  12,  epi- 
gastric artery  winding 
to  the  inside  of  + ,  + , 
the  spermatic  cord  ; 
the  epigastric  artery  is 
cut  short  superiorly  ; 
13,  circumflex  iliac 
artery  anastomosing 
■with  15,  branches  of 
the  ilio-lumbar;  11, 
spermatic  artery  and 
vein  descending  to  join 
the  spermatic  cord ; 
+  ,  within  the  pelvis, 
the  vas  deferens  de- 
scending from  tiie  curd 
towards  the  bladder. 


iliaca,  to  whicli  it 
is  bound,  together 
with  the  external  iliac  vein,  by  the  sub-peritoneal  tissue. 


432 


KXTKHNAL  IJJAC  AltTEUY. 


Eelation  to  Veins,  (^c— The  external  iliac  vein  lies  at  first  behind  the 
artery  with  an  inclination  to  the  inner  side  ;  but  as  both  vessels  approach 
Poupart's  ligament  at  the  fore  part  of  the  pelvis,  the  vein  is  on  the  same 
plane  with  the  artery  and  quite  to  the  inner  side,  being  borne  forwards  by 
the  bone.  At  a  short  distance  from  its  lower  end  the  artery  is  crossed  by 
the  circumflex  iliac  vein. 


Fig.  29fi. 


Fig.  296. — View  op  the  Distribution 
AND  Anastomosis  of  the  Epigastrio 
AND  Internal  Mammary  Arteries 
(from  Tiedemann).  \ 

For  the  detailed  de-scription  of  this 
figure,  see  Fig.  265,  p.  375. 

7,  placed  on  tbe  tiansversaUs  muscle 
above  the  iuternal  inguinal  aperture,  points 
to  tlie  last  part  of  tbe  external  iliac  artery 
at  the  place  where  it  gives  origin  to  8,  the 
epigastric  and  9,  the  circumflex  iliac  ar- 
tery; 10,  anastomosis  of  the  epigastric 
artery  and  the  abdominal  branch  of  the  in- 
ternal mammary  in  and  behind  the  rectus 
muscle  ;  11,  the  spermatic  cord  receiving 
the  external  spermatic  branch  from  tbe 
epigastric  artery ;  12,  femoral  artery  ;  13, 
femoral  vein;  14,  a  lymphatic  gland 
closing  the  femoral  ring. 

Large  lymphatic  glands  are  found 
resting  upon  the  front  and  inner  side 
of  the  vessel ;  and  the  spermatic 
■vessels  descend  upon,  it  near  its  ter- 
mination. A  branch  of  the  genito- 
crural  nerve  crosses  it  just  above 
Poupart's  ligament. 

Branches.  ■ —  The  external  iliac 
artery  supplies  some  small  branches 
to  the  psoas  muscle  and  the  neigh- 
bouring lymphatic  glands,  and,  close 
to  its  termination,  two  other  branches 
of  considerable  size,  named  the  epi- 
gastric and  the  circumflex  iliac,  which 
are  distributed  to  the  walls  of  the 
abdomen. 

1.  The  epigastric  artery  (in- 
ferior epigastric)  arises  from  the  fore- 
part of  the  external  iliac  artery, 
usually  a  few  lines  above  Poupart's 
ligament.  It  first  inclines  down- 
wards, so  as  to  get  on  a  level  with 
the  ligament,  and  then  passes  ob- 
liquely upwards  and  inwards  between 
the  fascia  transversalis  and  the 
peritoneum,  to  reach  the  rectus 
muscle  of  the  abdomen.  It  ascends 
almost  vertically  behind  the  rectus. 
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and  rising  within  the  sheath,  is  placed  between  it  and  the  muscle,  and 
terminates  at  some  distance  above  the  umbilicus  in  offsets  which  ramify- 
in  the  substance  of  the  muscle  and  anastomose  with  the  toruiiual  branches 
of  the  internal  mammary  and  inferior  intercostal  arteries. 

The  epigastric  artery  is  accompanied  by  two  veins,  which  unite  into  a 
single  trunk  before  ending  in  the  external  iliac  vein. 

In  its  course  upwai-ds  from  Poupart's  ligament  to  the  rectus  muscle,  the 
arteiy  passes  close  to  the  inner  side  of  the  internal  abdominal  ring  ;  and 
the  vas  deferens,  entering  through  the  ring,  turns  behind  the  artery  in 
descending  into  the  pelvis. 

Branohes. — These  are  small,  but  numerous. 

(«)  The  cremasteric  artery,  a  slcucler  brancli,  accompanies  the  spermatic  cord,  and 
supplying  the  crcmaster  muscle  and  other  coverings  of  the  cord,  anastomoses  with  the 
spermatic  artery. 

(6)  Several  muscular  branches  arise  from  each  side  of  the  epigastric  artery,  ramify 
in  the  rectus  muscle,  and  communicate  with  the  branches  of  the  lumbar  and  circum- 
flex iliac  arteries. 

(c)  Superficial  branches  perforate  the  abdominal  muscles,  and  join  beneath  the  skin 
with  branches  of  the  superficial  epigastric  artery. 

(d)  The  pubic  is  a  small  branch,  which  ramifies  behind  the  pubes,  aad  com- 
muaicates  by  means  of  one  or  more  descending  twigs  with  a  similar  branch  fi-om  the 
obturator  artery. 


Fig.  297. — VrEW  of  the  relation  of 
THE  Vessels  op  the  Gkoin  to  a 
Femoral  Hernia,  &c.  (from  R. 
Quam).  4 


Fig.  297. 


In  the  upper  part  of  the  figure  a 
portion  of  the  flat  muscles  of  the 
abdomen  has  been  removed,  displaying 
in  part  the  transversalis  fascia  and 
peritoneal  lining  of  the  abdomen  ;  in 
the  lower  the  fascia  lata  of  the  thigh  is 
in  part  removed  and  the  sheath  of  the 
femoral  vessels  opened  :  the  sac  of  the 
femoral  hernial  tumour  has  also  been 
opened. 

a,  anterior  superior  spinous  process 
of  the  ilium  ;  6,  aponeurosis  of  the  ex- 
ternal oblique  muscle  above  the  exter- 
nal inguinal  aperture  ;  c,  the  abdomi- 
nal peritoneum  and  fascia  trans- 
versalis ;  d,  the  iliac  portion  of  the 
fascia  lata  near  the  saphenic  opening ; 
e,  sac  of  a  femoral  hernia ;  1,  points 
to  the  femoral  artery  ;  2,  femoral  vein 
at  the  place  where  it  is  joined  l)y  the 
saphena  vein  ;  3,  epigastric  artery  and 
vein  passing  up  towards  the  back  of 
the  rectus  muscle  ;  + ,  placed  upon 
the  upper  part  of  the  femoral  vein 
close  below  the  common  trunk  of  the 

epigastric  and  an  aberrant  obturator  artery;  the  latter  artery  is  seen  in  this  case 
close  to  the  vem  and  between  it  and  the  neck  of  the  hernial  tumour 


to  pass 


2.  The  circumflex  iliac  artery,  smaller  than  the  preceding  vessel, 
arises  from  the  outer  side  of  the  iliac  artery  near  Poupart's  ligament,  and  is 
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directed  outwards  behind  that  band  to  the  autcrior  superior  iliac  spine 
Following  thence  the  crest  of  the  hip-bone,  the  artery  gives  brandies  to  the 
iliacus  muscle,  furaishes  others  wliich  are  distributed  to  the  abdominal 
muscles,  and  anastomoses  with  the  ilio-lumbar  artery.  lu  its  course  outwards 
this  artery  lies  in  front  of  the  trausversalis  fascia,  at  the  junction  of  this 
■with  the  fascia  iliaca. 

Two  veins  accompany  the  circumflex  iliac  artery ;  these  unite  below  into 
a  single  vessel,  which  crosses  the  external  iliac  artery  about  an  inch  above 
Poupart's  ligament,  and  enters  the  external  iliac  vein. 

The  muscular  branch  is  given  off  near  the  iliac  crest,  and  ascends  on  the  fore-part 
of  the  abdomen  between  the  transversaUs  and  internal  oblique  muscles  :  having  sup- 
plied those  muscles,  it  anastomoses  with  the  lumbar  and  epigastric  arteries.  This 
branch  varies  much  in  size,  and  is  occasionally  replaced  by  several  smaller  muscular 
offsets. 

Peculiarities. — Size. — In  those  rare  cases  in  which  the  principal  blood-vessel  of 
the  lower  limb  is  continued  from  the  internal  iliac  (p.  441),  the  external  iliac  artery 
is  correspondingly  diminished,  and  ends  in  the  muscles  of  the  front  of  the  thigh, 
taking  the  place  of  the  profunda. 

Branches. — The  usual  number  of  two  principal  branches  of  the  external  iliac  artei-y 
may  be  increased  by  the  separation  of  the  circumflex  iliac  into  two  branches,  or  by 
the  addition  of  a  branch  usually  derived  from  another  source,  such  as  the  internal 
circumflex  artery  of  the  thigh  or  the  obturator  artery. 

The  epigastric  artery  occasionally  arises  higher  than  usual,  as  at  an  inch  and  a 
half,  or  even  two  inches  and  a  half,  above  Poupart's  ligament ;  and  it  has  been  seen 
to  arise  below  that  ligament  from  the  femoral,  or  from  the  deep  femoral  artery.  The 
epigastric  frequently  furnishes  the  obturator  artery ;  and  two  examples  are  recorded 
in  Avhich  the  epigastric  artery  arose  from  an  obturator  furnished  by  the  internal  iliac 
artery.  (Monro,  "  Morbid  Anatomy  of  the  Human  Gullet,"  &c.,  p.  427.  A.  K.  Hessel- 
bach,  "Die  sicherste  Art  des  Bruchschnittes,"  &c.)  In  a  single  instance  the  epi- 
gastric artery  was  represented  by  two  branches,  one  arising  from  the  external  iliac, 
and  the  other  from  the  internal  iliac  artery.  (Lauth,  in  "  Velpeau's  M6decine 
Operatoire,"  v.  ii.  p.  4-52.)  Some  combinations  of  the  epigastric  with  the  internal  cir- 
cumflex, or  with  the  circumflex  iliac,  or  with  both  those  vessels,  have  been  noticed. 

The  circumjlex  iliac  artery  sometimes  deviates  from  its  ordinary  position,— arising 
at  a  distance  not  exceeding  an  inch  above  Poupart's  ligament.  Deviations  in  the 
opposite  direction  are  more  rarely  met  with ;  it  has  in  a  few  cases  been  observed  to 
arise  below  the  ligament,  from  the  femoral  artery. 


FEMORAL  ARTERY. 

The  femoral  artery  is  that  portion  of  the  artery  of  the  lower  limb  Avhich 
lies  in  the  upper  two-thirds  of  the  thigh, — its  limits  being  marked  above  by 
Poupart's  ligament,  and  below  by  the  opening  in  the  great  adductor  muscle, 
after  passing  through  which  the  artery  receives  the  name  popliteal. 

A  general  indication  of  the  direction  of  the  femoral  artery  over  the  fore- 
part and  inner  side  of  the  thigh  is  given  by  a  line  reaching  from  a  point 
midway  between  the  anterior  superior  iliac  spine  and  the  symphysis  of  the 
pubes  to  the  inner  side  of  the  internal  condyle  of  the  femur.  At  the  upper 
part  of  the  thigh,  it  lies  along  the  middle  of  a  depression  between  the 
muscles  covering  the  femur  on  the  outer  side,  and  the  adductor  muscles  on 
the  inner  side  of  the  Limb,  and  which  is  known  by  the  name  of  Scarpa's 
triangle.  In  this  situation  the  beating  of  the  artery  may  be  felt,  and  the 
circulation  through  the  vessel  may  be  most  easily  controlled  by  pressure. 
Below  the  upper  third  of  the  thigh  it  is  crossed  by  the  upper  and  iiuier 
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Fig.  298.  —  Anterior  View  op  the  Ar- 
teries OP  THE  Pelvis,  Thigh,  and 
Knee  (from  Tiedemaan).  \ 

a,  anterior  superior  iliac  spine  ;  b,  tensor 
vaginae  feinoris  muscle  ;  c,  vastus  internus  ; 
d,  tendon  of  tlie  adductor  magnus  ;  e,  sar- 
torius;  /,  rectus  muscle  ;  g,  the  colon  lying 
upon  the  left  iliac  artery  ;  h,  urinary  blad- 
der ;  1,  lower  part  of  the  abdominal  aorta 
dividing  into  the  common  iliac  arteries  ;  1', 
middle  sucral  ai-tery  ;  2,  left  common  iliac 
artery  ;  3,  external  iliac ;  3',  deep  circum- 
flex iliac  branch ;  3",  epigastric  winding  to 
the  inside  of  the  spermatic  cord,  and  giving 
off  3"',  its  cremasteric  branch  ;  4,  femoral 
artery,  on  the  right  side  shown  in  Scarpa's 
triangle,  on  the  left  exposed  as  far  as 
Hunter's  canal  ;  4',  superficial  circumflex 
iliac  and  epigastric  of  the  right  side  ;  4", 
superficial  pudic  and  inguinal  branches  ;  5, 
profunda  femoris  artery,  descending  on  the 
left  side  behind  the  adductor  longus  ; 
external  circumflex  ;  6',  its  ascending  or 
gluteal  branches ;  6",  its  descending  branches; 
7,  7',  internal  circumflex  artery  ;  8,  superior 
perforating  ;  8',  second  perforating  branch  ; 
9,  9,  muscular  branches  of  the  femoral  ar- 
tery ;  9',  anastomotic  branch ;  10,  internal 
superior  articular  branch  of  the  popliteal  ;  10', 


inferioi-  branch. 


border  of  the  sartorius  muscle  whicli  forms  tlio  ontor  wall  of  the  triangle, 
and  which  conceals  the  vessel  in  the  remainder  of  its  course.    In  the  lirst 
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part  of  its  course  tlie  femoral  artery  is  covered  ouly  by  the  skiu  and  fascia 
lata,  and  by  the  sheath  which  invests  both  the  artery  and  vein,  viz.,  the  crural 
sheath  (p.  293).  lu  the  lower  part  of  its  course  it  is  deeply  placed,  being 
covered  not  only  by  the  sartorius  muscle,  but  by  a  dense  stratum  of 
fibrous  structure,  which  stretches  across  from  the  tendons  of  the  Ion"'  and 
great  adductors  to  the  vastus  internus  muscle,  and  encloses  the  space  called 
Huntei-'s  canal,  in  which  the  vessels  lie. 

The  artery  rests  successively  upon  the  following  parts.  First,  upon  the 
psoas  muscle,  by  which  it  is  separated  from  the  margin  of  the  pelvis  and  the 
capsule  of  the  hip-joint ;  next,  it  is  placed  in  front  of  the  pectiueus  muscle, 
the  deep  femoral  artery  and  vein  being  interposed  ;  afterwards,  it  lies  upon 
the  long  adductor  muscle  ;  and  lastly,  upon  the  tendon  of  the  great  adductor, 
the  femoral  vein  being  placed  between  the  tendon  and  the  artery.  At  the 
lower  part  of  its  course,  it  has  immediately  on  its  outer  side  the  vastus 
internus  muscle,  which  intervenes  between  it  and  the  inner  .side  of  the 
femur. 

At  the  groin  the  artery,  after  having  passed  over  the  margin  of  the 
pelvis,  is  f)laced  slightly  in  front  of  or  internal  to  the  head  of  the  femur  ; 
and  at  its  lower  end,  the  vessel  lies  close  to  the  inner  side  of  the  shaft  of 
the  bone  ;  but  in  the  intervening  space,  in  consequence  of  the  projection 
of  the  neck  and  shaft  of  the  femur  outwards,  while  the  artery  holds  a 
straight  course,  it  is  separated  from  the  bone  by  a  considerable  interval. 


Fif;.  299. 


Fig.  299. — View  of   the  Femoral  Ves- 
sels,   WITH   THEIR  SMALLEU  SUPERFICIAL 

Branches  in  the  Right  Gtroin  (from  R. 
Quain).  ^ 

a,  the  integument  of  the  abdomen;  h,  the 
superficial  abdominal  fascia  ;  b',  the  part 
descending  on  the  spermatic  cord  ;  c,  c,  the 
aponeurosis  of  the  external  oblique  muscle  ; 
c',  the  same  near  the  external  abdominal 
ring ;  (/',  the  inner  pillar  of  the  ring  ;  d,  the 
iliac  part  of  the  fascia  lata  ;  d',  tlie  pubic 
jiart ;  e,  e,  the  sheath  of  the  femoral  vessels 
laid  open,  the  upper  letter  is  immediately 
over  the  crural  aperture  ;  e',  placed  on  the 
sartorius  muscle  partially  exposed,  points  to 
the  margin  of  the  saphenic  opening ;  1, 
femoral  artery,  having  the  femoral  vein  2, 
to  its  inner  side,  and  the  septum  of  the 
sheath  shown  between  the  two  vessels ;  3,  the 
principal  saphenous  vein ;  3',  its  anterior 
branches  ;  4,  the  superficial  circumflex  iliac 
vein  and  arterial  branches  to  the  glands  of 
the  groin  ;  5,  the  superficial  epigastric  vein  ; 
6,  the  external  pudic  arteries  and  veins  ;  7 
to  8,  some  of  the  lower  inguinal  glands  re- 
ceiving twigs  from  the  vessels ;  9,  internal, 
10,  middle,  and  11,  external  cutaneous 
nerves. 


Melation  to  Veins. — The  femoral 
vein  is  very  close  to  the  artery,  both  being  enclosed  in  the  same  sheath,  and 
separated  from  each  other  only  by  a  thin  partition  of  fibrous  membrane. 
At  the  groin  the  vein  lies  in  the  same  plane  as  the  artery,  and  on  the  inner 
side  ;  but  gradually  inclining  backwards,  it  is  placed  behind  it,  at  the 
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lower  end  of  Sctorpa's  space,  and  afterwards  gets  somewhat  to  the  outer 
side.  The  deep  femoral  vein,  near  its  termination,  crosses  behind  the 
femoral  artery  ;  and  the  long  saphenous  vein,  as  it  ascends  on  the  fore  part 
of  the  limb,  lies  to  the  inner  side  ;  but  it  not  unfrequcntly  happens  that  a 
superficial  vein  of  considerable  size  ascends  for  some  space  directly  over  the 
artery. 

Relation  to  Nei-ves. — At  the  groin  the  anterior  crural  nerve  lies  a  little  to 
the  outer  side  of  the  femoral  artery  (about  a  quarter  of  an  inch),  separated 
from  the  vessel  by  some  fibres  of  the  psoas  muscle  and  by  the  sheath  and 
fascia.  Lower  down  in  the  thigh,  the  long  sajyhenoxis  nerve  accompanies  the 
artery  until  this  vessel  perforates  the  adductor  magnus.  There  are  likewise 
small  cutaneous  nerves  which  cross  the  artery. 

Bkanches. — The  femoral  artery  gives  off  the  following  branches  : — some 
small  and  sujperficial,  which  are  distributed  to  the  integument  and  glands 
of  the  groin  and  ramify  on  the  lower  part  of  the  abdomen,  viz. ,  the  ex- 
ternal pudic  (sxiperior  and  inferior),  the  superficial  epigastric,  and  the  super- 
ficial circumflex  iUac  ;  the  great  nutrient  artery  of  the  muscles  of  the  thigh, 
named  the  deep  femoral ;  several  muscular  branches  ;  and  lastly,  the  anasto- 
motic artery,  which  descends  on  the  inner  side  of  the  knee-joint. 

The  portion  of  the  femoral  artery  extending  from  its  commencement  to  the  origin 
of  the  deep  femoral,  a  part  varying  from  an  inch  to  two  inches  in  length,  is  some- 
times distinguished  by  surgical  writers  as  the  common  femoral,  and  described  as 
dividing  into  the  superficial  and  deep  femoral  arteries. 


I.  Superficial  inguinal  branches. — The  external  xmdic  arteries  arise 
either  separately  or  by  a  common  trunk  from  the  inner  side  of  the  femoral 
artery.  The  superior,  the  more  superficial  branch,  courses  upwards  and  in- 
wards to  the  pubic  spine,  crosses  the  external  abdominal  ring,  passing  in  the 
male  over  the  spermatic  cord,  and  is  distributed  to  the  integuments  on  the 
lower  part  of  the  abdomen,  and  on  the  external  organs  of  generation.  The 
inferior  branch,  more  deeply  seated,  extends  inwards,  resting  on  the  pec- 
tineus  muscle,  and  covered  by  the  fascia  lata,  which  it  pierces  on  reachino- 
the  inner  border  of  the  thigh,  and  is  distributed  to  the  scrotum  in  the  male" 
or  to  the  labium  in  the  female,  its  branches  inosculating  with  those  of  the 
superficial  perineal  artery. 

The  superficial  epigastric  artery,  arising  from  the  femoral  vessel  about 
half  an  inch  below  Poupart's  ligament,  passes  forwards  through  the  fascia 
lata,  and  runs  upwards  on  the  abdomen,  in  the  superficial  fascia  covering 
the  external  oblique  muscle.  Its  branches,  ascending  nearly  as  high  as  the 
umbilicus,  anastomose  with  superficial  branches  of  the  epigastric  and  internal 
mammary  arteries. 

The  superficial  circumflex  iliac  artery  runs  outwards  in  the  direction  of 
Poupart's  ligament  towards  the  iliac  spine,  across  the  psoas  and  iliacus 
muscles  ;  to  both  of  these  it  gives  small  branches,  as  also  some  others  which 
pierce  the  fascia  lata  ;  it  is  distributed  to  the  integument. 

All  the  preceding  arteries  give  small  branches  to  the  lymphatic  elands  in 
the  groin.  ^ 

II.  Tbe  deep  femoral  ARTERY--(profundaferaoris)  the  principal  nutri- 
tious vessel  of  the  thigh,  IS  an  artery  of  considerable  calibre,  heiL  nearlv 
equal  in  size  to  the  continuation  of  the  femoral  after  the  origin  of  this  ^reat 
bmnch.  It  usually  arises  from  the  outer  and  back  part  of  the  femoral 
artery,  between  an  inch  and  two  inches  below  Poupart's  ligament     At  its 
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commencement,  it  inclines  outwards  in  front  of  the  Uiacns  muscle,  to  such  an 
lilTtZ  ?  f  "^''"^'^  to  the  femoral  artery  ;  it 

h    Ion"  .:^^°rT"'^'  ^""'^^  '^^"'^^  t^^^t  P--ng  beMnd 

feli^  f""r    i'  ^'^'"''^  S^^^*  ^'l^"^*^^.  "«ar  their 

SlZct;        r'    %  terminal  branches,  which  pierce  the  great 

adductoi,  and  ramify  m  the  muscles  at  the  back  and  outer  part  of  the 
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/ 

tance  beneath  the  sartorius  and  rec 
of  the  anterior  crural  nerve,  divides  i 


Fig.  300. — Deep  View  op  the  Femo- 
ral Artehy  and  its  Branches  on 
THE  Left  Side  (from  R.  Quain).  i 

The  sartorius  muscle  has  teen  re- 
moved in  part,  so  as  to  expose  the 
artery  in  the  middle  third  of  the  thigh. 
a,  the  anterior  superior  iliac  spine  ;  6, 
the  aponeurosis  of  the  external  oblique 
muscle  near  the  outer  abdominal  ring, 
from  which  the  spermatic  cord  is  seen 
descending  towards  the  scrotum ;  c, 
the  upper  part  of  the  rectus  femoris 
muscle  ;  d,  adductor  longus  ;  e,  fibrous 
sheath  of  Hunter's  canal  covering  the 
artery;  1,  femoral  artery;  1',  femoral 
vein  divided  and  tied  close  below  Pon- 
part's  ligament ;  2,  profunda  femoris 
artery ;  3,  anterior  crural  nerves ;  4, 
internal  circumflex  branch  ;  5,  super- 
ficial pudic  branches  ;  6,  external  cir- 
cumflex branch,  with  its  ascending 
tiansverse  and  descending  branches 
separating  from  it  ;  6',  twigs  to  the 
rectus  muscle  ;  7,  branches  to  the 
vastus  internus  muscle ;  8,  and  9, 
some  of  the  muscular  branches  of  the 
femoral. 

This  artery  lies  successively  in 
front  of  the  iliacus,  pectincns, 
adductor  brevis  and  adductor 
magnus  muscles.  The  femoral 
and  profunda  veins  and  the  long 
adductor  muscle  are  interposed 
between  it  and  the  femoral  trunk. 

The  named  branches  of  the 
deep  femoral  artery  are  the  ex- 
ternal and  the  internal  circumflex, 
and  the  perforating  arteries. 

1.  The  external  circumflex  ar- 
tery, a  branch  of  considerable 
size,  arises  from  the  outer  side  of 
the  profunda  near  its  origin,  and 
passing  outwards  for  a  short  dis- 
muscles,  and  through  the  divisions 
three  sets  of  branches. 


(a)  Trannverse  branches  pass  outwards  over  the  cmreus  muscle,  pierce  the  vastus 
externus,  so  as  to  get  between  it  and  the  femur,  just  below  the  great  trochanter,  and 
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reach  the  back  part  of  the  thigli,  where  tlicy  anastomose  with  the  internal  circumflex 
and  the  perforating  branches  of  the  deep  femoral,  and  with  the  gluteal  and  sciatic 
branches  of  the  internal  iliac. 

(h)  Ascending;  branches,  directed  upwards  beneath  the  sartorius  and  rectus,  and 
afterwai'ds  under  the  tensor  muscle  of  the  fascia  lata,  communicate  with  the  terminal 
branches  of  the  gluteal,  and  with  some  of  the  external  descending  branches  of  the 
circumflex  iliac  artery. 

(c)  Descending  branches  incline  outwards  and  downwards  upon  the  extensor 
muscles  of  the  knee,  covered  by  the  rectus  muscle.  They  are  usually  three  or  four  in 
number,  some  being  of  considerable  size;  most  of  them  are  distributed  to  the 
muscles  on  the  fore-part  of  the  thigh,  but  one  or  two  can  be  traced  beneath  the 
vastus  externus  muscle  as  far  as  the  knee,  where  they  anastomose  with  the  arterial 
branches  surrounding  that  joint. 

2.  The  internal  circumflex  artery,  smaller  than  the  external  circumflex, 
arises  close  to  that  branch  from  the  inner  and  hinder  part  of  the  deep 
femoral  az-tery,  and  is  directed  backwards  between  the  pectineus  and  the 
psoas  muscle  to  the  inner  side  of  the  femur,  so  that  only  a  small  part  of  it 
can  be  seen  without  displacing  these  muscles.  On  reaching  the  tendon  of 
the  external  obturator,  along  which  the  vessel  passes  to  the  back  of  the 
thigh,  it  divides  into  two  principal  branches. 

(a)  The  ascending  branch  is  distributed  partly  to  the  adductor  brevis  and  gracilis 
and  partly  to  the  external  obturator  muscle,  near  which  it  anastomoses  with  the 
obturator  artery. 

(b)  The  transverse  branch  passes  backwards  above  the  small  trochanter,  and 
appears  on  the  back  of  the  limb,  between  the  quadratus  femoris  and  great  adductor 
muscles,  where  it  supplies  the  hamstring  muscles,  and  anastomoses  with  the  sciatic 
artery  and  with  the  superior  perforating  branches  of  the  deep  femoral  artery. 

(c)  An  artindar  vessel,  arising  from  the  transverse  branch  opposite  the  hip-joint 
enters  the  joint  through  the  notch  in  the  acetabulum,  beneath  the  transverse 
ligament,  and  supplies  the  adipose  tissue  and  the  synovial  membrane  in  that 
articulation.  Some  offsets  are  guided  to  the  head  of  the  femur  by  the  round  lisra 
ment.  In  some  mstances  the  articular  branch  is  derived  from  the  obturator  arterv  • 
and  sometimes  the  joint  receives  a  branch  from  both  sources.  ' 

3.  The  im-forating  arteries  (perforantes)  are  branches  which  reach  the 
back  of  the  thigh  by  perforating  the  adductor  brevis  and  adductor  ma-nus 
muscles  ;  they  are  four  in  number,  including  the  terminal  branch  of°the 
parent  vessel. 

(a)  '^h^  fm^t  perforating  ^xt^vj  passes  backwards  below  the  pectineus  muscle 
through  the  fibres  of  the  adductor  brevis  and  magnus  and  is  diVribTrrl  fr^Ttl 
Uiese  adductor  muscles,  to  the  biceps  and  great  gfutea^  ml  e,trc;mmui^?^^ 
with  the  sciatic  and  internal  circumflex  arteries.  ^^ommumcates 

{b)  The  second  perforating  artery,  considerably  larsrer  than  ihc^  firct 
through  the  adductor  brevis  and  magnus;  after  which  i    dividrinfo        V  P^''"! 
descending  branches,  which  ramify  in  the  ham  tring  miles  and  com^''    ?^  '"'f 
the  other  perforating  branches  :  an  ofl^set  from  it  namPrl  Vl  1      ,  communicate  with 
femur,  enters  the  medullary  foramen  of  thatTone.  ^"''''''^ 

(c)  The  third  perforatinn  arterv  niercps  flic  nAA,,^^^,. 

insertion  of  the  Adductor  longus,  and  dLvlbuted  in  ^^'^ 
perforating  artery.  clistributed  in  a  manner  similar  to  the  second 

V^^:^^XZS^;4::r^:^^^^^^^  ^-ral  artery. 

biceps  and  to  the  other  hamstring  muscCi  cot^^^^^^^    ?      •  f        '^^'"^'^  °f 
popliteal  artery,  and  with  the  lolerSitt^^  "^^^  '^-^^l^- 

III.  Muscular  bbanche.s  op  thtt  vT!T.rr.r>  *  t  ,  t  . 

the  thigh,  the  femoral  artery  '1^^  off  eveinl  1       T' '""'^^  '^^'^"S 

y  t,ivca  on  several  branches  to  the  contiguou.s 
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muscles.  They  vary  in  inimber  from  two  to  seven.  They  supply  the 
sartonus  and  the  vastus  iuternus,  with  other  muscles  which  are  close  to 


Fi-  SOI. 


fibres  of  the  vastus  iuternus  muscle ;  it 


Fig.   301. — POSTEIIIOR    ViKW  ov 

THE  Arteries  op  the  Pelvis, 
Thiqh,  and  Popliteal  Space 
(from  Tiedemann).  j[. 

a,  the  iliac  cre.st ;  b,  tlie  great 
sacro-sciatic  ligament  attaelied  to 
the  tuberosity  of  the  ischium  ;  c, 
great  trochanfer;  d,  the  integu- 
ment close  to  the  anus ;  c,  great 
sciatic  nerve  ;  /,  the  line  from  tliis 
letter  crosses  the  teudons  of  the 
inner  hamstring  muscles ;  ff,  head 
of  the  fibula  ;  1,  gluteal  artery  ;  2, 
pudic ;  3,  sciatic  artery,  giving 
its  branches  to  the  short  external 
rotator  muscles,  to  the  sciatic 
nerve,  and  to  the  upper  part  of 
the  long  flexor  muscles  ;  4,  first 
perforating  artery  ;  4',  its  branches 
to  the  flexor  muscles  ;  5,  branches 
of  the  second  perforating  ;  6, 
branches  of  the  third  perforating; 
7,  popliteal  artery,  near  this  the 
origin  of  the  superior  muscular 
branches  ;  8,  placed  on  the  ten- 
don of  the  adductor  magnus  near 
the  origin  of  the  superior  articular 
branches ;  9,  the  anastomosis  of 
the  external  superior  articular 
with  other  branches  ;  10,  the  sural 
branches ;  11,  the  recurrent  of 
the  anterior  tibial  artery. 


the  femoral  artery  :  their  size 
appears  to  bear  an  inverse 
proportion  to  that  of  the  de- 
scending branches  of  the 
external  circumflex'  artery. 

IV.  Anastomotic  artery. 
— Close  to  its  termination 
the  femoral  artery  gives  oif 
a  branch,  constant  but  of 
moderate  size,  named  the 
Miastomotic  artery  (anasto- 
motica  magna),  which  descends 
in  the  same  line  as  the  femoral 
artery  itself  (see  fig.  298). 
Arising  from  that  vessel  when 
about  to  enter  the  popliteal 
space,  it  descends  upon  the  ten- 
don of  the  adductor  magnus  to 
the  inner  condyle  of  the  femur, 
giving  off  several  branches, 
and  covered  by  some  of  the 
finally  anastomoses  with  the 
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internal  articular  arteries,  and  with  the  recurrent  branch  of  the  anterior 
tibial  artery. 

(a)  A  supei-ficial  branch  accompanies  the  saphenous  nerve  beneath  the  sartorius 
muscle  to  the  integument  on  the  inner  side  of  the  knee. 

(b)  The  external  branch,  arising  from  the  lower  part  of  the  vessel,  crosses  over  the 
femur,  supplies  offsets  to  the  knee-joint,  and  forms  an  arch  a  little  above  the  articular 
surface,  by  anastomosing  with  the  superior  external  articular  artery. 

Peculiarities  OF  THE  Femouai/  Artery  and  Branches. —  Ti-unh. — Four  instances 
have  been  recorded  of  division  of  the  femoral  artery  below  the  origin  of  the  profunda 
into  two  vessels,  which  subsequently  were  reunited  near  the  opening  of  the  adductor 
magnus  so'  as  to  form  a  single  popliteal  artery.  In  all  these  cases,  the  arrangement 
of  the  vessels  appears  to  have  been  similar.  To  one  of  them  (that  first  observed) 
special  interest  is  attached,  inasmuch  as  it  was  met  with  in  a  patient  operated  upon 
for  popliteal  aneurism.  (This  case  was  treated  bj'  Charles  Bell,  and  recorded  in  "  The 
London  Medical  and  Phj'sical  Journal,"  vol.  Ivi.  p.  134.    London,  1826.) 

The  femoral  artery  is  occasionally  replaced  at  the  back  of  the  thigh  by  a  trunk 
continuous  with  the  internal  iliac.  Having  passed  from  the  pelvis  through  the 
larce  sacro-sciatic  notch,  this  trunk  accompanies  the  great  sciatic  nerve  along  the 
back  of  the  thigh  to  the  popliteal  space,  where  its  connections  and  termination  become 
similar  to  those  of  the  vessel  presenting  the  usual  arrangement.  Four  examples  of 
this  deviation  from  the  common  state  of  the  blood-vessel  have  been  recorded.  Eefe- 
rence  is  made  to  these  in  a  Paper  in  vol.  36  of  the  Medico-Chirurgical  Transactions, 
giving  an  account  of  a  specimen  of  remarkable  deformity  of  the  lower  limbs  of  a 
man  in  whom  the  artery  was  so  transposed  on  both  sides. 

Branches. — The  deep  femoral  is  occasionally  given  off  from  the  inner  side  of  the 
parent  trunk,  and  more  rarely  from  the  back  part  of  the  vessel.  Occasionally  it 
arises  at  a  distance  of  less  than  an  inch,  and  sometimes  of  more  than  two  inches, 
below  Poupart's  ligament.  It  was  even  found  by  Eichard  Quain  arising,  in  one 
instance,  above  Poupart's  ligament,  and  in  another  four  inches  below  it ;  but  in  the 
latter  instance  the  internal  and  external  circumflex  arteries  did  not  arise  from  the 
profunda. 

The  extei-nal  circumflex  branch  sometimes  arises  directly  from  the  femoral  arterj'  ; 
or  it  may  be  represented  by  two  branches,  of  which,  in  most  cases,  one  proceeds  from 
the  femoral,  and  one  from  the  deep  femoral :  both  branches,  however,  have  been 
seen  to  arise  from  the  deep  femoral,  and  much  more  rarely,  both  from  the  femoral 
artery. 

The  internal  circumflex  branch  may  be  transferred  to  the  femoral  artery  above  the 
origin  of  the  profunda.  Examples  have  also  been  met  with  in  which  the  internal 
circumflex  arose  from  the  epigastric,  from  the  circumflex  iliac,  or  from  the  external 
iliac  artery. 


POPLITEAL  AUTERY. 

The  popliteal  artery,  placed  at  the  back  of  the  knee-joint,  extends  along 
the  lower  third  of  the  thigh  and  the  upper  part  of  the  leg,  reaching  from  the 
opening  in  the  great  adductor  to  the  lower  border  of  the  popliteus  muscle. 
It  is  continuous  above  with  the  femoral,  and  divides  at  the  lower  end  into 
the  anterior  and  posterior  tibial  arteries. 

This  artery  at  first  inclines  from  the  inner  side  of  the  limb  to  reach  a 
point  behind  the  middle  of  the  knee-joint,  and  thence  continues  to  descend 
vertically  to  its  lower  end.  Lying  deeply  in  its  whole  course,  it  is  covered 
for  some  distance  at  its  upper  end  by  the  semi-membranosus  muscle  ;  a  Httle 
above  the  knee  it  is  placed  in  the  popliteal  space  ;  inferiorly  it  is  covered 
tor  a  considerable  distance  by  the  gastrocnemius  muscle,  and  at  its  termi- 
nation by  the  upper  margin  of  the  soleus  muscle. 

At  first  the  artery  lies  close  to  the  inner  side  of  the  femur  ;  in  descending, 

o  a 
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it  is  separated  by  an  interval  from  the  flat  or  somewhat  hollowed  triangular 
surftice  at  the  lower  end  of  the  bone  ;  it  then  rests  on  the  posterior  ligament 
of  the  knee-joint,  and  afterwards  on  the  popliteus  muscle. 

Rdation  to  Veins. — The  popliteal  vein  lies  close  to  the  artery,  behind 
and  somewhat  to  the  outer  side  till  near  its  termination,  where  it  crosses  the 
artery  and  is  placed  somewhat  on  the  inner  side.  The  vein  is  frequently 
double  along  the  lower  part  of  the  artery,  and,  more  rarely,  also  at  the 
upper  part.  The  short  saphenous  vein,  ascending  into  the  poiiliteal  space 
over  the  gastrocnemius  muscle,  approaches  the  artery  as  it  is  about  to  ter- 
minate in  the  popliteal  vein. 

Melation  to  the  Nerve. — The  internal  popliteal  nerve  lies  at  first  to  the 
outer  side  of  the  artery,  but  much  nearer  to  the  surface  than  the  vessel : 
the  nerve  afterwards  crosses  over  the  artery,  and  is  placed  behind  and  to 
the  inner  side  below  the  joint. 

BKA2fCHF,s. — The  branches  of  the  popliteal  artery  maybe  arranged  in  two 
sets,  viz.,  the  muscular  and  the  articular. 

1.  The  muscular  branches  are  divided  into  a  su^Derior  and  an  inferior 
group. 

(a)  The  superior  branches,  three  or  four  in  number,  are  distributed  to  the  lower 
ends  of  the  hamstring  muscles,  and  also  to  the  vasti  muscles,  and  anastomose  with  the 
perforating  and  articular  arteries. 

Fig.  302.  Fig.  302 — View  of  the  Popliteal  Artery  asd  its 

Branches  in  the  Eight  Leo  (from  Tiedemann).  \ 

a,  biceps  muscle ;  h,  semi-membranosus ;  c,  semi- 
tendinosus ;  1,  the  popliteal  artery ;  2,  3,  tlie  superficial 
sural  branches  ;  4,  the  outer,  5,  the  inner  superior 
articular  branch  ;  6,  the  superior  muscular ;  7,  the 
inferior  muscular  or  deep  sural  branches. 

(6)  The  inferior  muscular  branches,  or  sural  arteries, 
usually  two  in  number,  and  of  considerable  size,  arise 
from  the  back  of  the  popliteal  artery,  opposite  the 
knee-joint,  and  enter,  one  the  outer  and  the  other  the 
inner  head  of  the  gastrocnemius  muscle,  which  they 
supply,  as  well  as  the  fleshy  part  of  the  plantaris 
muscle. 

Over  the  surface  of  the  gastrocnemius  will  be  found 
at  each  side,  and  in  the  middle  of  the  limb,  slender 
branches,  which  descend  a  considerable  distance  along 
the  calf  of  the  leg,  and  end  in  the  integument.  These 
small  vessels  (superficial  sural")  arise  separately  from 
the  popliteal  artery,  or  from  some  of  its  branches. 

2.  The  articular  aHeries.     Two  of  these  pass 
off  nearly  at  right  angles  from  the  popliteal 
artery,  one  to  each  side,  above  the  flexure  of 
the  joint,  whilst  two  have  a  similar  arrange- 
ment below  it,  and  a  fifth  passes  from  behind  into  the  centre  of  the  joint. 

(a)  The  upper  internal  articular  artery  winds  round  the  femur  just  above 
the  inner  condyle  ;  and,  passing  under  the  tendon  of  the  great  adductor  and 
the  vastus  internus,  divides  into  two  branches  ;  one  of  these,  comparatively 
superficial,  enters  the  substance  of  the  vastus,  and  inosculates  with  the  anas- 
tomotic branch  of  the  femoral,  and  with  the  lower  internal  articular  artery. 
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The  other  branch  runs  close  to  the  fcmiir,  ramifies  upon  it,  and  also  on 
the  knee-joint,  and  communicates  with  the  upper  external  articular  arteiy. 

(b)  The  iipjier  external  articular  artery  passes  outwards  a  little  above 
the  outer  condyle  of  the  femur,  under  cover  of  the  biceps  muscle,  and, 
after  perforating  the  intermuscular  septum,  divides  into  a  superficial  and  a 
deep  branch.  The  latter,  lying  close  upon  the  femur,  spreads  branches 
npou  it  and  the  articulation,  and  communicates  with  the  preceding  vessel, 
with  the  anastomotic  of  the  femoral,  and  with  the  lower  external  articuLir 
artery  ;  the  superficial  branch  descends  through  the  vastus  to  the  patella, 
anastomosing  with  other  branches  and  assisting  in  the  supply  of  the  joint. 

(c)  The  luivcr  internal  articular  artery  passes  downwards  below  the 
internal  tuberosity  of  the  tibia,  lying  between  the  bone  and  the  internal 
lateral  ligament  ;  its  branches  ramify  on  the  front  and  inner  pai-t  of  the 
joint,  as  far  as  the  patella  and  its  ligament. 

{d)  The  loiver  external  articular  artery  takes  its  coiurse  outwards,  under 
cover  of  the  outer  head  of  the  gastrocnemius  in  the  first  instance,  and 
afterwards  under  the  external  lateral  ligament  of  the  knee  and  the  tendon 
of  the  biceps  muscle,  passing  above  the  head  of  the  fibula.  Having  reached 
the  fore  part  of  the  joint,  it  divides  near  the  patella  into  branches,  some  of 
which  communicate  with  the  lower  articular  artery  of  the  opposite  side,  and 
with  the  recurrent  branch  from  the  anterior  tibial  ;  whilst  others  ascend, 
and  anastomose  with  the  upper  articular  arteries. 

In  this  manner  the  four  articular  branches  form  at  the  front  and  sides  of 
the  knee-joint  a  close  network  of  vessels. 


Fig.  303. 


Fig.  303.  —  Antekior  view  of  the  Dkep  Arterial 
Branches  surrocnding  the  Knee-Joint  and  their 
Anastomoses  (from  Tiedemann).  ^ 

a,  the  patellar  articular  surface  of  the  femur  ;  b,  the 
posterior  or  cartilaginous  surface  of  the  patella  which, 
with  the  ligamentum  patellse,  has  been  turned  down  ;  c, 
the  head  of  the  fibula;  1,  and  2,  branches  of  the  internal 
superior  articular  branch  of  the  popliteal  ramifying  on 
the  periosteum,  and  anastomosing  with  the  external 
superior  articular  branch  3,  and  with  other  arteries 
within  and  below  the  joint  ;  4,  branches  of  the  internal 
inferior  articular;  5,  external  inferior  articular;  6,  re- 
current of  the  anterior  tibial  artery. 

(e)  The  middle  or  azygos  articular  artery,  is  a 
small  branch  which  arises  opposite  the  flexure  of 
the  joint,  and,  piercing  the  posterior  ligament, 
supplies  the  crucial  ligaments  and  other  structures 
within  the  articulation. 


^  Peculiarities. — Deviations  from  the  ordinary  condi- 
tion of  the  popliteal  artery  are  not  frequently  met  with. 
The  principal  depurture  from  the  ordinary  arrangement 
consists  in  its  high  division  into  terminal  branches. 
Such  an  early  division  has  been  found  to  take  place  most 
frequently  opposite  the  flexure  of  the  knee-joint,  and  not  higher 

In  a  few  instances,  the  popliteal  artery  has  been  seen  to  divide  into  the  anterior  tibial 
and  peronea  arteries-the  posterior  tibial  being  small  or  absent!  In  a  sSe^^L^^^ 
the  pop  itca  artery  was  found  to  divide  at  once  into  three  terminal  vessels  viz  tl; 
peroneal  and  the  anterior  and  posterior  tibial  arteries 

The  az,jrjo3  articular  branch  frequently  arises  from  one  of  the  other  articular 
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branches,  especially  from  the  upper  and  external  branch.  There  are  sometimes 
several  small  middle  articular  branches. 

POSTERIOR  TIBIAL  ARTERY. 

The  posterior  tibial  artery  is  situated  along  the  back  part  of  the  leg, 
between  the  superficial  and  deep  layers  of  muscles,  and  is  firmly  bound 
down  to  the  deep  muscles  by  the  fascia  which  covers  them.  It  extends 
from  the  lower  border  of  the  popliteus  muscle,  -where  it  is  continuous  with 
the  popliteal  artery,  down  to  the  inner  side  of  the  calcaueum,  where  it 
terminates  beneath  the  origin  of  the  abductor  pollicis  muscle  by  dividing 
into  the  external  and  internal  plantar  arteries. 

Placed  at  its  origin  opposite  the  interval  between  the  tibia  and  fibula, 
it  approaches  the  inner  side  of  the  leg  as  it  descends,  and  lies  behind  the 
tibia  ;  at  its  lower  end  it  is  placed  midway  between  the  inner  malleolus 
and  the  prominence  of  the  heel.  Yery  deeply  seated  at  the  upper  part, 
where  it  is  covered  by  the  fleshy  portion  of  the  gastrocnemius  and  soleus 
muscles,  it  becomes  comparatively  superficial  towards  the  lower  part,  being 
there  covered  only  by  the  integument  and  two  layers  of  fascia,  and  by  the 
annular  ligament  behind  the  inner  malleolus.  It  lies  successively  upon  the 
tibialis  posticus,  the  flexor  longus  digitorum,  and,  at  its  lower  end,  directly 
on  the  tibia  and  the  ankle-joint.  Behind  the  ankle,  the  tendons  of  the  tibialis 
posticus  and  flexor  longus  digitorum  lie  between  the  artery  and  the  internal 
malleolus  ;  whilst  the  tendon  of  the  flexor  longus  pollicis  is  to  the  outer 
side  of  the  artery. 

Relation  to  the.  Veins  and  Nerve. — The  posterior  tibial  artery,  like  the 
other  arteries  below  the  knee,  is  accompanied  by  two  vense  comites.  The 
posterior  tibial  nerve  is  at  first  on  the  inner  side  of  the  artery,  but  in  the 
greater  part  of  its  course  the  nerve  is  close  to  the  outer  side  of  the  vessel. 

Branches. — The  posterior  tibial  artery  furnishes  numerous  small  branches, 
and  one  large  branch — the  peroneal  artery. 

Small  Branches. — (a)  Several  muscular  branches  arise  from  the  posterior  tibial 
artery,  and  are  distributed  principally  to  the  deep-seated  muscles  in  its  neighbour- 
hood, besides  one  or  two  of  considerable  size  to  the  inner  part  of  the  soleus  muscle. 

(6)  The  nutrient  artery  of  the  tibia,  which  is  the  largest  of  its  kind  in  the  body, 
arises  from  the  posterior  tibial  artery  near  the  commencement,  and,  after  giving 
small  branches  to  the  muscles,  enters  the  nutrient  foramen  in  the  bone,  and  ramifies 
on  the  medullary  membrane.  This  vessel  not  unfrequently  arises  from  the  anterior 
tibial  artery. 

(c)  A  communicating  branch  from  the  peroneal  artery,  passing  transversely,  joins 
the  posterior  tibial  about  two  inches  above  the  ankle-joint. 

The  Peroneal  Artery  lies  deeply  along  the  back  part  of  the  leg,  close 
to  the  fibula.  Arising  from  the  posterior  tibial  artery  about  an  inch  below 
the  lower  border  of  the  popliteus  muscle,  it  inclines  at  first  obliquely 
towards  the  fibula,  and  then  descends  nearly  perpendicularly  along  that  bone 
and  behind  the  outer  ankle,  to  reach  the  side  of  the  os  calcis.  In  the 
upper  part  of  its  course,  this  artery  is  covered  by  the  soleus  muscle  and  the 
deep  fascia,  and  afterwards  by  the  flexor  longus  pollicis,  which  is  placed  over 
it  as  far  as  the  outer  malleolus  ;  below  this  point,  the  vessel  is  covered  only 
by  the  common  integument  and  the  fascia.  The  peroneal  artery  rests  at 
first  against  the  upper  part  of  the  tibialis  posticus  muscle,  and  afterwards  in 
the  greater  part  of  its  course,  it  is  surrounded  by  fibres  of  the  flexor  longus 
pollicis,  lying  close  inside  the  projecting  posterior  ridge  of  the  fibula.  De- 


PEKONEAL  ARTERY, 


U5 


scending  beyond  the  outer  malleolus,  it  terminates  in  branches  on  the  outer 
surface  and  back  of  the  os  calcis. 


Fig.  304.— Deep  posterior  view  of  the  Arteries  of 
THE  Leo  (from  Tiedemann).  4 


Fig.  304. 


a- 


a,  insertion  of  the  adductor  magnus  muscle  ;  I,  origin 
of  the  inner  bead  of  tlie  gastrocnemius  ;  c,  outer  head 
and  plautaris  ;  il,  tendon  of  the  semimembranosus 
muscle;  e,  popliteus;  /,  upper  part  of  the  soleus  divided 
below  its  origin  from  the  head  of  the  fibula  ;  f/,  peroneus 
lougus;  h,  flexor  longus  poUieis  ;  i,  flexor  communis 
digitorum  ;  1,  upper  part  of  the  popliteal  artery  ;  2, 
origin  of  the  superior  articular  branches  ;  3,  origin  of 
the  inferior  articular  branches  ;  the  middle  or  azygos 
branch  is  seen  between  these  numbers  ;  4,  division  of 
the  popliteal  artery  into  anterior  and  posterior  tibial 
arteries  ;  5,  5',  posterior  tibial  ;  6,  peroneal  artery ;  6', 
its  continuation  as  posterior  peroneal ;  between  6',  and 
6',  the  communicating  branch ;  7,  calcaneal  branches;  8, 
external  branches  of  the  metatarsal  of  the  dorsalis  pedis 
artery. 

The    peroneal    artery  gires    off   the  following 
branches : — 

(a)  Mmmlar  branches  from  the  upper  part  of  the 
peroneal  artery  pass  to  the  soleus,  the  tibialis  posticus, 
the  flexor  longus  pollicis,  and  the  peronei  muscles. 

(6)  A  nutrient  artery  enters  the  fibula. 

(c)  The  anterior  peroneal  artery  arises  about  two 
inches  above  the  outer  malleolus,  and  immediately 
piercing  the  interosseous  membrane,  descends  along 
the  front  of  the  fibula,  covered  by  the  peroneus  tertius 
muscle,  and  dividing  into  branches,  reaches  the  outer 
ankle,  and  anastomoses  with  the  external  malleolar 
branch  of  the  anterior  tibial  artery.  It  supplies  vessels 
to  the  ankle-joint,  and  ramifies  on  the  front  and  outer 
side  of  the  tarsus,  inosculating  more  or  less  freely  with  WliHliMIIif~2 
the  tarsal  arteries. 

{d)  The  terminal  branches  anastomose  with  the 
external  malleolar  and  with  the  tarsal  arteries  on  the 
outer  side  of  the  foot ;  and  behind  the  os  calcis  with 
ramifications  of  the  posterior  tibial  artery. 

(e)  The  communicating  branch,  lying  close  behind 
the  tibia,  about  two  inches  from  its  lower  end,  is  a  - 
transverse  branch  situated  close  to  the  bones,  which  l&W 
connects  the  peroneal  with  the  posterior  tibial  artery. 

Peculiarities. — The  posterior  tibial  artery,  as  well 
as  the  anterior  tibial,  is  lengthened  in  those  instances 
in  which  the  popliteal  artery  divides  higher  up  than 
usual.  Not  unfrequently  the  posterior  tibial  artery  is 
diminished  in  size,  and  is  subsequently  reinforced 
either  by  a  transverse  branch  from  the  peroneal  in  the 
lower  part  of  the  leg,  or  in  rare  instances,  by  two  trans- 
verse ves.sela,  one  crossing  close  to  the  bone,  and  one 
over  the  deep  muscles.  In  other  instances  the  posterior 
tibial  may  exist  only  as  a  short  muscular  trunk  in  the 
upper  part  of  the  leg,  while  an  enlarged  peroneal 
artery  takes  its  place  from  above  the  ankle  downwards  into  the  foot. 

The  peroneal  artery  has  been  found  to  arise  lower  down  than  usual,  about  three 
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inches  below  the  popliteus  mnscle ;  and,  on  the  contrary,  it  sometimes  commences 
higher  up  from  tlie  posterior  tibial,  or  even  from  the  popliteal  artery  itself  In 
some  cases  of  high  division  of  the  popliteal  artery,  the  peroneal  artery  is  trans- 
ferred to  the  anterior  til)ial.  It  more  frequently  exceeds  than  falls  short  of  the 
ordinary  dimensions,  being  enlarged  to  reinforce  llie  posterior  tibial.  In  those  rare 
instances  in  which  it  is  lost  before  reaching  the  lower  part  of  the  leg,  a  branch  of  the 
posterior  tibial  takes  its  place.  The  anterior  peroneal  branch  is  sometimes  enlarged  to 
compensate  for  the  small  size  of  the  anterior  tibial  artery  in  the  lower  part  of  the 
leg,  or  to  supply  the  place  of  that  artery  on  the  dorsum  of  the  foot ;  or  it  may  be 
absent  and  be  replaced  by  the  anterior  tibial.  In  a  singular  case,  recorded  by  Otto, 
the  peroneal  artery  was  wholly  wanting. 


PLANTAR  ARTERIES. 

The  external  and  internal  plantar  arteries  are  the  branches  into  which  the 
posterior  tibial  divides  in  the  hollow  of  the  calcaneum,  where  it  is  covered 
by  the  origin  of  the  abductor  poUicis. 

Fig  305.  Fig.  305 — Superficial  view  op  the  Arteries  in 

THE  Sole  op  the  Right  Foot  (from  Tiedemann).  ^ 

a,  tuberosity  of  the  calcaneum  close  to  the  origin  of 
the  flexor  brevis  digitorum  (cut  short)  and  the  ab- 
ductor pollicis,  of  which  a  part  is  removed  to  show 
the  long  flexor  tendons  and  plantar  arteries  ;  6,  ab- 
ductor pollicis  ;  c,  abductor  minimi  digiti ;  d,  tendon 
of  the  flexor  pollicis  longus  ;  e,  tendon  of  the  flexor 
communis  longus  ;  c',  its  four  slips,  close  to  the  lum- 
bricales  muscles,  passing  on  to  perforate  the  tendons 
of  the  flexor  brevis  ;  /,  flexor  accessorius  ;  g,  flexor 
brevis  minimi  digiti  :  1,  posterior  tibial  dividing  into 
the  plantar  arteries  ;  2,  2',  external  plantar ;  3,  in- 
ternal plantar  ;  3',  the  same  passing  forward  to  com- 
municate with  4,  the  internal  plantar  digital  branch 
for  the  great  toe  ;  5,  first  digital  or  external  plantar 
branch  to  the  fifth  toe ;  6,  placed  in  the  angle 
of  division  of  the  second  plantar  digital  artery, 
between  the  fourth  and  fifth  toes  ;  7,  the  third 
plantar  digital  artery  dividing  similarly  between  the 
third  and  fourth  toes  ;  8,  the  fourth  plantar  digital 
artery  dividing  similarly  between  the  second  and  third 
toes ;  9,  the  plantar  digital  artery  dividing  similarly 
between  the  first  and  second  toes  ;  10,  internal  plantar 
artery  of  the  great  toe  ;  11,  calcaneal  branches  of  the 
plantar  arteries,  anastomosing  with  12,  the  calcaneal 
branches  of  the  posterior  peroneal  artery. 

The  internal  plantar  .artery,  much  smaller 
tbau  the  external,  is  directed  forwards,  along 
tlie  inner  side  of  the  foot.  Placed  at  first 
under  cover  of  the  abductor  pollicis,  it  passes 
forwards  in  the  groove  between  that  muscle 
and  the  short  flexor  of  the  toes,  near  the  line  separating  the  middle  from 
the  inner  portion  of  the ,  plantar  fascia,  and  on  reaching  the  extremity  of 
the  first  metatarsal  bone,  considerably  diminished  in  size,  it  terminates  by 
running  along  the  inner  border  of  the  great  toe,  anastomosing  with  the 
digital  branches. 

Branches.— The  internal  plantar  artery  gives  ofF  numerous  small  twigs,  which 
may  be  distinguished  in  sets  as  follows :— («)  muscular  branches  to  the  abductor 
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pollicis  and  flexor  brevis  digitorum ;  (b)  ofTscts  which  incline  towards  the  inner 
border  of  the  foot,  and  communicate  with  branches  of  the  dorsal  arteries  ; 
and  (c)  cutaneous  offsets  which  appear  in  the  furrow  between  the  middle  and  inner 
portions  of  the  plantar  fascia. 

Tlie  external  j^lantar  artery,  of  considerable  size,  at  first  inclines  outwards 
and  then  forwards,  to  reacli  the  base  of  the  fifth  metatarsal  bone  :  it  then 
turns  obliquely  inwards  across  the  foot,  to  gain  the  interval  between  the 
bases  of  the  first  and  second  metatarsal  bones,  where  it  joins,  by  a  com- 
municating branch,  with  the  dorsal  artery  of  the  foot  ;  and  thus  is  com- 
pleted the  jilantar  arch,  the  convexity  of  which  is  turned  forward.  At 
first  the  artery  is  placed,  together  with  the  external  plantar  nerve,  between 
the  calcaneum  and  the  abductor  pollicis  ;  further  on  it  lies  between  the 
flexor  brevis  digitorum  and  flexor  accessorius.  As  it  turns  forwards  it  lies 
in  the  interval  between  the  short  flexor  of  the  toes  and  the  abductor  of  the 
little  toe,  being  placed  along  the  line  separating  the  middle  from  the  external 
portion  of  the  plantar  fascia,  and  covered  by  that  membrane.  The  re- 
mainder of  the  artery,  which  turns  inwards  and  forms  the  plantar  arch,  is 
placed  deeply  against  the  interosseous  muscles,  and  is  covered  by  the  flexors 
of  the  toes  and  the  lumbricales  muscles. 

Branches. — 

A.  In  its  course  to  the  fifth  metacarpal  hone  the  external  plantar  artery  gives 
off  (a)  branches  to  the  skin  of  the  heel ;  {b)  numerous  muscular  branches ;  (c)  small 
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Fig.  306. — Deep  view  op  the  Arteries  in  the  Sole 
or  THE  Right  Foot  (from  Tiedemanu).  ^ 

All  the  muscles  have  been  removed,  a,  the  calcaneal 
tuberosity ;  b,  the  scaphoid  bone  and  end  of  the  calcaneo- 
scaphoid  ligament;  c,  to  a,  calcaueo-cuboid  ligament; 
d,  its  deep  part ;  e,  scaphoido-cuneiform  ligament ;  /, 
one  of  the  sesamoid  bones  of  the  great  toe  ;  1,  posterior 
tibial  artery  dividing  into  the  plantar  arteries  ;  2,  2', 
external  plantar  artery  ;  2',  2",  deep  plantar  arch  termi- 
nating by  communication  with  the  dorsal  artery  of  the 
foot;  3,  3',  internal  plantar  artery;  3",  its  com- 
munication with  the  internal  digital  of  the  great  toe ;  4, 
branches  of  the  internal  plantar  to  the  inside  of  the  foot ; 
5,  5',  first  digital  or  external  plantar  branch  of  the  fifth 
toe  ;  6,  second  plantar  digital  artery  ;  6',  interval  of  the 
division  of  the  same  between  the  fourth  and  fifth  toes; 
7,  third  plantar  digital ;  7',  its  distribution  to  the  third 
and  fourth  toes ;  8,  fourth  plantar  digital ;  8',  its  dis- 
tribution to  the  second  and  third  toes  ;  9,  fifth  plantar 
digital ;  9',  its  distribution  to  the  first  and  second  toes  ; 
10,  internal  plantar  digital  branch  of  the  great  toe  ; 
at  the  upper  numbers,  6,  7,  and  8,  the  posterior  per- 
forating branches  of  the  interosseous  arteries  are  par- 
tially indicated  ;  at  2",  the  large  communication  between 
the  plantar  arch  and  the  dorsalis  pedis  artery;  above 
6',  7',  and  8',  are  situated  the  anterior  perforating 
arteries,  not  represented  in  the  figure  ;  11,  and  12 
calcaneal  branches  of  the  plantar  and  posterior  peroneal 
arteries. 


offsets  which  run  outwards  over  the  border  of  the  foot 
and  anastomose  with  the  dorsal  arteries ;  and  (d)  others 

which  appear  in  the  furrow  between  tliA  i-n\AA\^  i   

fascia.  oetween  the  middle  and  outer  divisions  of  the  plantar 
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B.  From  the  plantar  arch  are  given  off  the  following  more  important 
branches  : — 

(a)  The  posterior  perforating  branches,  three  in  number,  pass  upwards 
through  the  back  part  of  the  three  outer  interosseous  spaces,  between  the 
heads  of  the  dorsal  interosseous  muscles,  and  on  reaching  the  dorsum  of  the 
foot  inosculate  with  the  interosseous  branches  of  the  metatarsal  artery. 

(6)  The  digital  branches  are  four  in  number.  The  first  digital  branch 
inclines  outwards  from  the  outermost  part  of  the  plantar  arch,  opposite  the 
end  of  the  fourth  metatarsal  space,  crosses  under  cover  of  the  abductor 
minimi  digiti,  and  runs  along  the  outer  border  of  the  phalanges  of  the  little 
toe.  The  second  digital  branch  passes  forwards  along  the  fourth  metatarsal 
space,  and  near  the  cleft  between  the  fourth  and  fifth  toes  divides  into  two 
vessels,  which  course  along  the  contiguous  borders  of  those  toes,  and  end  on 
the  last  phalanges.  The  third  digital  branch  is  similarly  disposed  of  on  the 
fourth  and  third  toes.  The  fourth  ends  in  like  manner  on  the  third  and 
second  toes. 

The  digital  artery  which  supplies  the  opposed  sides  of  the  first  and  second 
toes,  and  that  which  runs  on  the  inner  side  of  the  first  toe,  arise  deeply 
between  the  first  and  second  metatarsal  bones,  usually  from  that  part  of  the 
arch  which  is  formed  by  the  end  of  the  dorsal  artery  of  the  foot. 

Thus,  as  in  the  fingers,  collateral  arteries  pass  along  the  sides  of  the  flexor 
surface  of  each  of  the  toes.  Near  the  base  of  the  last  phalanx  these 
inosculate  so  as  to  form  an  arch,  from  the  convexity  of  which  minute  vessels 
pass  forwards  to  the  extremity  of  the  toe,  and  to  the  matrix  of  the  naU.. 

An  anterior  perforating  branch  is  sent  upwards  by  each  of  the  digital  arteries 
of  the  three  outer  interspaces  near  its  bifurcation,  to  communicate  with  the  corre- 
sponding digital  branch  of  the  metatarsal  artery  of  the  dorsum  of  the  foot. 

PECtTLiAKiTiES. — The  posterior  perforating  branches,  which  are  usually  very  small 
vessels,  are  sometimes  enlarged,  and  furnish  the  interosseous  arteries  on  the  upper 
surface  of  the  foot ;  the  metatarsal  branch  of  the  dorsal  artery,  from  which  the  inter- 
osseous arteries  are  usually  derived,  being  in  that  case  very  small. 

ANTERIOR  TIBIAL  ARTERY. 

The  anterior  tibial  artery,  placed  along  the  fore  part  of  the  leg,  is  at  first 
deeply  seated,  but  gradually  approaches  nearer  to  the  surface  as  it  descends. 
It  extends  from  •  the  division  of  the  popliteal  artery  to  the  bend  of  the 
ankle  ;  whence  it  is  afterwards  prolonged  to  the  interval  between  the  first 
and  second  metatarsal  bones,  under  the  name  of  dorsal  artery  of  the  foot. 

The  anterior  tibial  artery  is  at  first  directed  forwards  to  reach  the  anterior 
surface  of  the  interosseous  ligament,  passing  through  the  divided  upper  end 
of  the  tibialis  posticus,  and  through  the  interval  left  unoccupied  by  the  in- 
terosseous ligament.  It  then  extends  obliquely  downwards  to  the  middle  of 
the  ankle-joint,  in  a  direction  which  may  be  nearly  indicated  by  a  line 
drawn  from  the  inner  side  of  the  head  of  the  fibula  to  midway  between  the 
two  malleoli.  Lying  with  the  tibialis  anticus  on  its  inner  side,  and  having 
the  extensor  communis  digitorum  and,  lower  down,  the  extensor  proprius 
pollicis  on  its  outer  side,  the  vessel  is  deeply  placed  at  the  upper  part  of 
the  leg,  where  those  muscles  are  fleshy  ;  but  it  is  comparatively  superficial 
below,  between  their  tendons,  and  comes  forward  upon  the  tibia.  At  the 
bend  of  the  ankle  it  is  covered  by  the  annular  ligament,  and  is  crossed  from 
without  inwards  by  the  tendon  of  the  extensor  proprius  pollicis.    In  its 
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obliquo  courao  downwards  the  anterior  tibial  artery  Ues  at  first  close  to  the 


Fig.  307.— Anterior  view  of  tub  Arteries  of  the  Fig.  307. 

Leo  and  Dorsum  op  tub  Foot  (from  Tiedemann)  i 

The  tibialis  auticus  muscle  is  drawn  towards  the  inner 
side  so  as  to  bring  the  anterior  tibial  artery  into  view, 
the  extensor  proprius  poUicis,  the  long  common  extensor 
of  the  toes,  and  the  peroneus  tertius  muscles  in  their 
lower  part,  and  the  whole  of  the  extensor  communis 
brevis,  have  been  removed.  1,  external  superior  articular 
branch  of  the  popliteal  artery,  ramifying  on  tlie  parts 
sm-rounding  the  knee  ;  and  anastomosing  with  the  other 
articular  branches  and  with  2,  the  recurrent  branch  of 
the  anterior  tibial  artery;  3,  3,  anterior  tibial,  giving  ofif 
muscular  branches  on  each  side ;  4,  dorsal  artery  of 
the  foot  ;  a,  external  anterior  malleolar  artery  coming 
off  from  the  anterior  tibuil,  and  anastomosing  with 
the  anterior  peroueal  artery  which  is  seeu  descending 
upon  the  lower  part  of  the  fibula  :  the  internal  malleolar 
is  represented  proceeding  from  the  other  side  of  the 
anterior  tibial  artery  ;  ii,  the  tarsal  branch  of  the  dorsal 
artery,  represented  in  this  instance  as  larger  than  usual 
and  furnishing  some  of  the  branches  of  the  next  artery  ; 
7,  the  metatarsal  branch,  giving  off  the  dorsal  inter- 
osseous arteries ;  (in  the  first  interosseous  space  the  dorsal 
artery  of  the  foot  is  seen  to  give  off  the  ana.stomosing 
branch  which  unites  with  the  deep  plantar  arch  ;)  be- 
tween 8,  and  8,  the  collateral  branches  of  the  dorsal 
digital  arteries. 

interosseous  ligament,  and  is  then  at  a  con- 
siderable distance  from  the  spine  of  the  tibia  ; 
but  in  descendiug  it  gradually  approaches  that 
ridge,  and  towards  the  lower  part  of  the  leg  is 
supported  on  the  anterior  surface  of  the  bone. 

Eelation  to  Feins  and  Nerves. — The  anterior 
tibial  artery  is  accompanied  by  two  veins  (vense 
comites).  The  anterior  tibial  nerve,  coming 
from  the  outer  side  of  the  head  of  the  fibula, 
approaches  the  artery  at  some  distance  below  the 
place  where  the  vessel  appears  in  front  of  the 
interosseous  ligament.  Lower  down,  the  nerve 
for  the  most  part  lies  in  front  of  the  artery, 
but  often  changes  its  position  from  the  one  side 
of  the  vessel  to  the  other. 

Branches. — Besides  numerous  small  muscu- 
lar branches,  the  anterior  tibial  artery  furnishes 
the  following  : — 

(a)  The  recurrent  artery,  given  ofi"  as  soon  as 
the  anterior  tibial  reaches  the  front  of  the  leg, 
ascends  through  the  fibres  of  the  tibialis  anticus, 
and,  ramifying  on  the  outside  and  front  of  the 
knee-joint,  anastomoses  with  the  inferior  articu- 
lar and  other  branches  of  the  popliteal  artery. 

(6)  The  malleolar  arteries,  two  in  number, 
external  and  internal,  are  given  off  near  the 
ankle-joint,  but  are  very  variable  in  size  and 

mode  of  origin.    The  internal  branch  passes  beneath  the  tendon  of  the 
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tibialis  anfcicus  to  the  inner  ankle,  and  communicates  with  branches  of  the 
posterior  tibial  artery.  The  exterml  branch  passes  outwards  under  the 
tendon  of  the  common  extensor  of  the  toes,  and  anastomoses  with  the 
anterior  division  of  the  peroneal  artery,  and  also  with  some  ascending  or 
recurrent  branches  from  the  tarsal  branch  of  the  dorsal  artery  of  the  foot  — 
These  malleolar  arteries  supply  articular  branches  to  the  neighbourmg  joints 


DORSAL  ARTERY  OF  TBE  FOOT. 

The  dorsal  axtery  of  the  foot  (dorsaHs  pedis),  the  continuation  of  the 
anterior  tibial  artery,  extends  from  the  termination  of  that  vessel  at  the 
bend  of  the  ankle,  to  the  posterior  end  of  the  first  metatarsal  space.  At 
this  spot  it  divides  into  two  branches,  of  which  one  proceeds  forwards  in  the 
first  interosseous  space,  whilst  the  other  dips  into  the  sole  of  the  foot,  and 
terminates  by  inosculating  with  the  plantar  arch.  The  dorsal  artery  of  the 
foot  lies  in  the  interval  between  the  tendon  of  the  proper  extensor  of  the 
great  toe,  and  that  of  the  long  extensor  of  the  other  toes  ;  and  is  covered 
by  a  deep  layer  of  fascia,  which  binds  it  to  the  parts  beneath.  Near  its 
end  it  is  crossed  by  the  innermost  tendon  of  the  short  extensor  of  the  toes. 

Two  veins  accompany  this  artery  ;  the  anterior  tibial  nerve  lies  on  its 
outer  side. 

Branches. — The  principal  branches  of  the  dorsal  artery  of  the  fo.ot  are 
directed  outwards  and  forwards  upon  the  tarsus  and  metatarsus,  and  are 
named  accordingly.  Some  small  offsets  also  run  obliquely  inwards,  and 
ramify  upon  the  inner  side  of  the  foot. 

(a)  The  tarsal  branch  arises  from  the  artery  usually  where  it  crosses  the 
scaphoid  bone,  but  its  point  of  origin  varies  in  different  instances.  It  inclines 
forwards  and  outwards  upon  the  tarsal  bones  covered  by  the  short  extensor 
muscle  of  the  toes,  then  curving  backwards  towards  the  cuboid  bone, 
divides  into  branches  which  take  different  directions  over  the  tarsus. 

The  branches  supply  the  extensor  brevis  digitorum  muscle  and  the  tarsal 
joints,  and  anastomose  with  the  external  plantar,  the  metatarsal,  the 
external  malleolar,  and  the  peroneal  arteries. 

(6)  The  metatarsal  artery  arises  farther  forwards  than  the  preceding 
vessel,  and  is  directed  outwards  like  it,  beneath  the  short  extensor  muscle. 
Sometimes  there  are  two  metatarsal  arteries,  the  second  being  of  smaller 
size  ;  and  not  unfrequently,  when  there  is  but  a  single  vessel  of  this  name, 
it  arises  in  common  with  the  tarsal  artery.  Its  direction  is  necessarily  in- 
fluenced by  these  circumstances  ;  being  oblique  when  it  arises  far  back,  and 
almost  transverse  when  its  origin  is  situated  farther  forwards  than  usual. 
It  anastomoses  with  the  tarsal  and  external  plantar  arteries,  and  gives  off 
interosseous  branches. 

The  three  interosseous  branches  from  the  metatarsal  artery  are  small  straight 
vessels  which  pass  forwards  along  the  three  outer  interosseous  spaces,  resting  upon 
the  dorsal  interosseous  muscles.  Somewhat  behind  the  clefts  between  the  toes  each 
divides  into  two  branches,  which  run  forward  along  the  contiguous  borders  of  the 
corresponding  toes,  forming  their  dorsal  collateral  branches.  Moreover,  from  the 
outermost  of  these  interosseous  arteries  a  small  branch  is  given  off,  which  gains  the 
outer  border  of  the  little  toe,  and  forms  its  external  collateral  branch.  These  arte- 
ries communicate  with  the  plantar  arch  opposite  the  fore  part  of  the  interosseous 
spaces,  by  means  of  the  anterior  perforating  branches,  and  at  the  back  part  of  tlie 
interosseous  spaces,  by  the  posterior  perforating  branches. 
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(c)  Tho^rs*  interosseous  branch,  or  dorsal  artery  of  the  great  toe,  is  con- 


m 


Fig.  303. — Antkrior  view  op  tiik  Artekiks  off  the  Fig.  308. 

Leo  and  Dorso.h  op  the  Foot  (from  Tiedeinauii).  j 

The  tibialis  anticus  muscle  is  drawn  towards  the  inner 
side  80  as  to  bring  the  anterior  tibial  artery  into  view, 
the  extensor  proprins  poUicis,  the  long  commuu  extensor 
of  the  toes,  and  the  peroneous  tertiiis  muscles  in  their 
lower  part,  and  the  whole  of  the  extensor  communis 
brevis,  have  been  removed.  1,  external  superior  arlieuhir 
branch  of  the  popliteal  artery,  ramifying  on  the  parts 
surrounding  the  knee  ;  and  anastomosing  with  the  other 
articular  branches  and  with  2,  the  recurrent  branch  of 
the  anterior  tibial  artery;  3,  3,  anterior  tibial,  giving 
oflF  muscular  branches  on  each  side  ;  4,  dorsal  artery 
of  the  foot ;  5,  external  anterior  malleolar  artery  coming 
off  from  the  anterior  tibial  and  anastomosing  with 
the  anterior  peroneal  artery  which  is  seen  descending 
upon  the  lower  part  of  the  fibula  :  tlie  internal  malleolar 
is  represented  proceeding  from  the  other  side  of  the 
anterior  tibial  artery  ;  6,  the  tarsal  branch  of  the  dorsal 
artery,  represented  in  this  instance  as  larger  than  usual 
and  furnishing  some  of  the  brandies  of  the  next  artery  ; 
7,  the  metatarsal  branch,  giving  off  the  dorsal  inter- 
osseous arteries  ;  (in  the  first  interosseous  space  the 
dorsal  artery  of  the  foot  is  seen  to  give  off  the  anasto- 
mosing branch  which  unites  with  the  deep  plantar  arch  ;) 
between  8  and  8,  the  collateral  branches  of  the  dorsal 
digital  arteries. 

tiuued  forwards  from  the  dorsal  artery  of  the 
foot  at  the  point  where  it  dips  down  to  the 
sole.  This  branch  runs  along  the  outer  surface 
of  the  first  metatarsal  bone,  and  furnishes  the 
small  dorsal  digital  vessels  of  the  great  toe  and 
adjacent  side  of  the  second  toe. 

(d)  The  plantar  digital  branch  of  the  innermost 
space,  given  oflF  from  the  dorsal  artery  between 
the  heads  of  the  first  interosseous  muscle,  near 
the  inosculation  -ivith  the  plantar  arch,  passing 
forwards  divides  into  two  smaller  branches  which 
proceed  along  the  contiguous  sides  of  the  first 
and  second  toe. 

^  (e)  The  plantar  digital  branch  for  the  inner 
side  of  the  great  toe  crosses  beneath  the  first 
metatarsal  bone,  and  runs  along  the  inner  side  of 
the  great  toe  on  its  plantar  surface. 

Pecoliarities  of  the  anterior  tibial  arto-y.  Origin. 
—In  cases  of  early  division  of  the  popliteal  artery,  the 
place  of  origin  of  the  anterior  tibial  is  necessarily 
higher  up  than  usual,  being  sometimes  found  as  hi"-h 
as  the  bend  of  the  knee-joint.  In  some  of  these  cashes 
the  posterior  tibial  artery  being  small  or  wanting) 
the  anterior  tibial  is  conjoined  with  the  peroneal 
artery  When  the  anterior  tibial  arises  higher  than 
usual,  the  additional  upper  part  of  the  vessel  has  been 
seen  restmg  on  the  posterior  surface  of  the  popliteus 
muscle,  and  it  has  been  likewise  found  between  that  muscle  and  the  bone. 
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Conrse.-lho  an  erior  t.bml  arlcry.  having  its  usual  place  of  origin,  has  been 
found  to  deviate  outwards  towards  the  margin  of  the  fibula  in  its  course  along  ihe 
front  of  the  leg  and  then  0  return  to  its  ordinary  position  beneath  the  a  mular 
hganient  lu  fron  of  the  ankle^oint.  This  artery  has  been  also  noticed  by  ?  1  etan 
and  by  Velpeau  to  approach  the  surface  at  the  middle  of  the  leg.  and  to  coutinie 
downwards  from  tha  point,  covered  only  by  the  fascia  and  integument.  V  Ipeau 
states  that  he  found  the  artery  to  reach  the  fore  part  of  the  leg  by  passing  round  the 
outer  sue  of  the  (ibula.    (I'elletan,  "  Clinique  Chirurgicale,"  &e.T  101  ris 

I  «7  '  'IF-T"'"''''  ^l«^ens  de  Mcdecine  OpCratoire/' &c,  t.  i,  pp.  137 

^uci  537  \  1  ui'is^  183/.) 

_  aS'jzc— This  vessel  more  frequently  undergoes  a  diminution  than  an  increase  of 
size. 

It  may  be  defective  in  various  degrees.  Thus,  the  dorsal  branch  of  the  foot  may 
fail  to  give  off  digital  branches  to  the  great  and  second  toes,  which  may  be  then 
derived  from  the  internal  plantar  division  of  the  posterior  tibial.  In  a  farther  degree 
of  diminution  the  anterior  tibial  ends  in  front  of  the  ankle  or  at  the  lower  part  of 
the  leg ;  its  place  being  then  taken  by  the  anterior  division  of  the  peroneal  artery, 
which  supplies  the  dorsal  artery  of  the  foot ;  the  two  vessels  (anterior  tibial  and 
anterior  peroneal)  being  either  connected  together  or  separate. 

Two  cases  are  mentioned  by  Allan  Burns,  in  which  the  anterior  tibial  artery  was 
altogether  wanting,  its  place  in  the  leg  being  supplied  by  perforating  branches  from 
the  posterior  tibial  artery,  and  on  the  dorsum  of  the  foot  by  the  anterior  division  of 
the  peroneal  artery. 

The  dorsal  artery  of  the  foot  is  occasionally  larger  than  usual ;  in  that  case  com- 
pensating for  a  defective  condition  of  the  plantar  branch  from  the  posterior  tibial 
artery. 

This  artery  has  been  repeatedly  found  to  be  curved  outwards  between  its  com- 
mencement at  the  lower  border  of  the  annular  ligament  and  its  termination  in  the 
first  interosseous  space. 


VEINS. 

The  systemic  veins  commence  by  small  branclies  vfhich  receive  the  blood 
from  the  capillaries  throughout  the  body,  and  unite  to  form  fewer  and 
larger  vessels,  -which  end  at  last  by  pouring  their  contents  into  the  right 
auricle  of  the  heart  through  two  large  venous  trunks,  the  superior  and  in- 
ferior venae  cavas.  The  blood  which  nourishes  the  substance  of  the  heart 
itself,  is  returned  by  the  coronary  or  cardiac  veins  to  the  same  auricle. 

The  veins,  however,  which  bring  back  the  blood  from  the  stomach, 
intestines,  spleen  and  pancreas,  have  an  exceptional  destination  ;  not  convey- 
ing the  blood  directly  to  the  heart,  but  joining  to  form  a  single  trunk — the 
portal  vein,  which  ramifies  after  the  manner  of  an  artery  iu  the  substance 
of  the  liver,  and  carries  the  blood  within  it  to  the  capillaries  of  that  organ. 
From  these  the  blood  passes  into  the  ultimate  twigs  of  the  hepatic  veins, 
and  is  conveyed  by  these  veins  into  the  inferior  vena  cava.  The  veins  thus 
passing  to  the  liver  constitute  the  portal  system. 

The  anastomoses  of  veins  are  much  larger  and  more  numerous  than  those 
of  arteries.  The  veins  of  many  parts  of  the  body  consist  of  a  subcutaneous 
and  a  deep  set,  which  have  very  frequent  communications  with  each  other. 
In  some  parts  of  the  body,  chiefly  the  limbs  and  surface,  the  veins  are 
provided  with  valves,  whUst  in  others  no  valves  exist. 

The  systemic  veins  are  naturally  divisible  into  two  groups  :  firstly,  those 
from  which  the  blood  is  carried  to  the  heart  by  the  superior  vena  cava,  viz., 
the  veins  of  the  head  and  neck  and  upper  limbs,  together  with  those  of  the 
spine  and  a  part  of  the  walls  of  the  thorax  and  abdomen,  with  which  may 
be  associated  also  the  veins  of  the  heart ;  and  secondly,  those  from  which 
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the  blood  is  carried  to  the  heart  by  the  inferior  vena  cava,  viz.,  the  veins 
of  the  lower  limbs,  the  lower  part  of  the  trunk,  and  the  abdominal 
viscera.  (For  a  general  representation  of  the  venous  system,  see  fig.  224  at 
p.  298.) 

UPPER  VENA  CAVA. 
The  upper  vena  cava  conveys  to  the  heart  the  blood  which  is  returned 
from  the  head,  the  neck,  the  upper  limbs,  and  the  thorax.  It  is  formed  by 
the  union  of  the  right  and  left  brachio-cephalic  veins.  It  extends  from  a 
little  below  the  cartilage  of  the  first  rib  on  the  right  side  of  the  sternum  to 
the  base  of  the  heart,  where  it  opens  into  the  right  auricle.  Its  course  is 
slightly  curved,  the  convexity  of  the  curve  being  turned  to  the  right  side. 
It  has  no  valves.  At  about  an  inch  and  a  half  above  its  termiaation,  it  is 
invested  by  the  fibrous  layer  of  the  pericardium,  the  serous  membrane 
being  reflected  over  it.  The  upper  cava  lies  immediately  in  front  of  the 
right  pulmonary  vessels,  and  between  the  right  lung  and  the  aorta,  which 
partly  overlap  it.  It  receives  several  small  veins  from  the  pericardium  and 
the  mediastinum  ;  and  lastly,  it  is  joined  by  the  right  azygos  vein,  imme- 
diately above  the  place  where  it  becomes  invested  by  the  pericardium. 

Pecitliaritt. — la  several  instances,  the  two  innominate  veins,  which  usually  join 
to  form  the  vena  cava  superior,  have  been  seen  to  open  separately  into  the  right 
auricle.  This  peculiarity  is  explained  by  reference  to  the  development  of  the  parts, 
and  is  more  fully  referred  to  at  p.  485,  in  connection  with  the  description  of  the 
great  cardiac  vein. 

INNOMINATE  OR  •BRACHIO-CEPHALIC  VEINS. 

The  blood  returned  from  the  upper  limbs  through  the  subclavian  veins, 
and  from  the  head  and  neck  by  the  jugular  veins,  is  poured  into  two  trunks, 
named  the  brachio-cephalic  or  innominate  veins.  These  vessels,  resulting 
from  the  union  of  the  subclavian  with  the  internal  jugular  vein  at  each  side, 
commence  opposite  the  inner  ends  of  the  clavicles,  and  terminate  a  little 
below  the  cartilage  of  the  first  rib  on  the  right  side,  where,  by  uniting,  they 
form  the  upper  vena  cava.  The  right  vein  is  very  short,  and  nearly  vertical 
in  its  direction  ;  it  is  in  apposition,  on  the  right  side,  with  the  pleura  and 
the  upper  part  of  the  right  lung.  The  vein  of  the  left  side,  about  three 
times  longer  than  the  right  vein,  pursues  a  course  from  left  to  right,  at 
the  same  time  inclining  somewhat  downwards  :  it  crosses  behind  the  upper 
part  of  the  first  bone  of  the  sternum,  separated  from  it  by  the  sterno- 
hyoid and  sterno-thyroid  muscles,  and  by  the  thymus  gland  or  its  remains  ; 
it  lies  in  front  of  the  three  primary  branches  given  ofi"  from  the  arch  of  the 
aorta,  and  rests  upon  the  highest  part  of  the  arch.  The  innominate  veins 
have  no  valves. 

Lateral  tributaries.— (a)  The  inferior  thyroid  veins  emerge  from  a 
venous  plexus  situated  on  the  thyroid  body — those  of  opposite  sides  commu- 
nicating by  small  branches  across  the  trachea.  The  vein  of  the  left  side 
descends  in  front  of  the  trachea,  behind  the  sterno-thyroid  muscles  and 
ends  in  the  left  brachio-cephalic  or  innominate  vein  :  that  of  the  right  side 
inclines  outwards  in  some  degree,  and  opens  into  the  corresponding  brachio- 
cephaUc  vein,  or  into  the  angle  of  union  between  it  and  the  vessel  of  the 
opposite  side. 

(6)  The  miernal  mammary  veins  follow  exactly  the  course  of  the  arteries 
of  the  same  name— two  veins  accompanying  each  of  the  arteries.  The  two 
companion  veins  of  the  artery  arise  by  small  branches,  derived  from  the 
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fore  part  of  the  walls  of  the  abdomen,  -where  they  anastomose  with  the 
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Fig.  309. — Sketch  op  the  Principal  Venous 

TllONKS,  TOGETnEll  WITH  THE  ThOUACIO  DdOT.  ^ 

a,  the  basilar  process  of  tlie  occipital  hone, 
through  -which  and  the  temporal  bones  a  trans- 
verse incision  has  been  made  so  as  to  lay  open  the 
jugular  foramen  on  both  sides  ;  6,  the  body  of  the 
fifth  cervical  vertebra  ;  c,  the  first  rib  ;  tZ,  the 
sixth  ;  e,  the  twelfth  ;  /,  the  body  of  the  fifth 
lumbar  vertebra  ;  1,  trunk  of  the  vena  cava  supe- 
rior divided  at  the  place  of  its  entrance  into  the 
right  auricle  ;  2,  right,  2',  left  subclavian  veins  ; 
3,  right  internal  jugular  vein  ;  the  left  is  cut 
short  immediately  above  the  place  where  it  joins 
the  subclavian  vein  ;  3',  3',  lower  part  of  the 
lateral  sinuses  of  the  dura  mater  ;  that  of  the  left 
side  is  divided  inferiorly ;  that  of  the  right  side 
shows  at  its  junction  with  the  jugular  vein  the 
bulb  which  lies  in  the  jugular  depression  of  the 
temporal  bone  ;  4,  right,  and  4',  left  external 
jugular  veins  ;  5,  right,  and  5',  left  vertebral  veins 
anastomosing  with  5",  external  vertebral  veins, 
before  joining  the  subclavian  veins  ;  6,  placed  on 
left  subclavian  vein  below  the  opening  of  the  last, 
and  of  the  thoracic  duct  ;  below  b,  the  infeiior  thy- 
roid veins ;  7,  7',  the  internal  mammary  veins  ;  8. 
the  left  superior  intercostal  vein  joining  the  left 
brachio-cephalic  vein,    and   anastomosing  below 
with  intercostal  veins  which  join  the  trunk  of  the 
azygos  ;  the  right  superior  intercostal  vein  is  seen 
joining  the  azygos  vein ;  9,  main  or  right  azygos  vein  ; 
the  uppermost  figure  points  to  the  curved  portion, 
which  passes  over  the  right  bronchus  before  joiuing 
the  vena  cava  superior  ;  9',  the  left  azygos,  repre- 
sented here  as  crossing  the  vertebral  column  on  the 
eighth  vertebra  ;  10,  the  thoracic  duct ;  the  upper 
figure  is  on  the  fourth  dorsal  vertebra,  the  lower 
■on  the  first  lumbar  close  to  the  receptaculum  chyli ; 
11,  trunk  of  the  inferior  vena  cava  divided  below 
the  liver  ;  the  figure  is  immediately  over  the  place 
of  origin  of  the  renal  veins ;  below  it  is  seen 
dividing  on  the  fourth  lumbar  vertebra  into  the 
two  common  iliac  veins  ;  12,  the  union  of  the  left 
azygos  vein  with  the  left  renal  vein  ;  13,  on  the 
right  side,  the  commencement  of  the  right  azygos 
vein  in  the  lumbar  region,  joined  by  several  lumbar 
veins  ;  13',  the  commencement  of  the  azygos  vein  of 
the  left  side,  joining  similar  veins  on  that  side  ; 
14,  14',  the  external  iliac  veins;  15,  placed  on 
the  promontory  of  the  sacrum,  points  on  either 
side  to  the  prolongation  of  the  lower  branches  of 
the  right  and  left  lumbar  veins  into  the  pelvis,  and 
their  union  with  sacral  and  other  branches  of  the 
internal  iliac  veins. 


I 


epigastric  veins  ;  from  thence  proceeding 
upwards  between  the  cartilages  of  the  ribs 
and  the  pleura,  they  receive  the  anterior 
intercostal  veins  which  correspond  with  the 
branches  of  the  internal  mammai-y  artery, 
together  with  some  smaU  diaphragmatic,  thymic  and  mediastinal  veins,  and 
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these  finally  imitiug  into  a  single  trunk,  each  vein  terminates  in  the  brachio- 
cephalic of  its  own  side. 

(c)  The  supenor  intercostal  veins.  —  Tlie  right  superior  intercostal  vein 
receives  the  blood  from  the  first  or  the  first  two  or  three  spaces,  communicating 
with  the  vessel  in  the  space  next  below,  and  opens  into  the  innominate  trunk 
oft  he  same  side,  or  into  the  vena  cava.  Frequently  the  veins  at  the  right 
side,  corresponding  with  the  superior  intercostal  artery,  pass  downwards 
separately,  to  open  into  the  azygos  vein,  as  that  vessel  arches  forwards  to 
join  the  upper  vena  cava  :  the  separate  vein  thus  formed  is  inferior  m 
size  to  that  on  the  left  side.  The  left  superior  intercostal  vein  varies  in 
length  in  different  persons,  being  small  when  tlie  azygos  minor  is  large,  and 
viceversd.  Usually  it  receives  the  veins  from  the  three  or  four  upper  spaces, 
and  is  then  directed  forwards  over  the  left  side  of  the  spinal  column  and 
the  aorta  to  open  into  the  left  ijmominate  vein.  It  receives  in  its  course 
the  left  bronchial  vein.  The  left  vein  is  sometimes  directed  downwards  to 
join  an  azygos  vein  on  its  own  side. 


VEINS  OF  THE  FACE,  NECK,  AND  HEAD. 

The  blood  returning  from  the  head  and  neck  flows  on  each  side  into  two 
principal  veins,  the  external  and  internal  jugular.  The  veins  of  the  heail 
and  neck  have  generally  no  valves.  The  external  jugular  vein  is  provided 
with  a  valve  at  its  entrance  into  the  subclavian  vein,  and  in  most  cases  with 
another  about  the  middle  of  its  course  :  and  the  internal  jugular  is  also 
furnished  with  valves  near  its  junction  with  the  subclavian.  These  valves, 
however,  are  not  efiScient  in  stopping  the  regurgitation  of  the  blood,  or  the 
passage  of  injections  from  below  upwards. 

The  veins  on  the  exterior  of  the  cranium  and  face  converge  and  unite,  so 
as  to  form  two  trunks,  the  facial  and  the  temporal  veins. 

THE  FACIAL  VEIN". 

The  facial  vein  lies  obliquely  along  the  side  of  the  face,  extending  from 
the  inner  margin  of  the  orbit  downwards  and  outwards  to  the  anterior 
border  of  the  masseter  muscle.  Resting  on  the  same  plane  as  the  facial 
artery,  but  farther  back,  and  less  tortuous,  it  has  very  nearly  the  same 
relations  to  contiguous  parts.  It  commences  at  the  side  of  the  root  of  the 
nose  by  a  vein  formed  by  the  junction  of  branches  from  the  forehead,  eye- 
brow and  nose,  and  increases  by  receiving  others  during  its  course.  Below 
the  jaw  it  inclines  outwards  and  backwards,  covered  by  the  cervical  fascia 
and  the  platysma  muscle  ;  and  soon  unites  with  a  large  branch  of  commu- 
nication derived  from  the  temporal  vein,  to  form  the  Umporo-maxillary  or 
common  facial  vein,  a  short  vessel  of  considerable  size,  which  joins  obliquely 
the  trunk  of  the  internal  jugular. 

Tributaries.— (a)  The  frontal  vein  commences  on  the  roof  of  the  skull  bv 
branches,  which  descend  obliquely  inwards  upon  the  forehead,  maintaining  communi- 
cations in  their  course  with  the  anterior  branches  of  the  temporal  vein  It  descends 
vertically  parallel  with  the  corresponding  vessel  of  the  opposite  side,  with  which  it  is 
connected  by  transverse  branches,  and  ends  in  the  angular  vein.    In  some  instances 

wn  hr  \  ?  '''^"'"^  ^'•""k,  which  again  divides  into 

two  branches  a  the  root  of  the  nose.    As  it  descends  from  the  forthead,  the  frontal 
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Fig.  310. 


Fig.  310,— View  op  the  Sa- 

PEniaciAL  Veins  of  the 
Head  and  Neck. 

1,  sterno-mastoid  muscle  ;  a, 
facial  vein  ;  b,  temporal  vein  ; 
c,  transverse  facial;  d,  pos- 
terior auricular ;  e,  internal 
maxillary  vein  ;  /,  external 
jugular  vein  ;  g,  posterior  ex- 
ternal jugular ;  7j,  anterior 
jugular ;  i,  posterior  scapular 
and  suprascapular  veins ;  k, 
internal  jugular  vein  ;  I,  occi- 
pital veins ;  m,  subclavian  vein  : 
above  the  inner  side  of  the  orbit 
are  shown  the  frontal  and  su- 
praorbital veins,  and  their  de- 
scending branches  to  anasto- 
mose with  the  angular  or  ter- 
minal branch  of  the  facial  vein. 


(c)  The  a«(7w?flr vein,  formed 
by  the  junction  of  the  supra- 
orbital and  frontal  veins,  is 
perceptible  beneath  the  skin  as 
it  runs  obliquely  downwards 
and  outwards  near  the  inner 
margin  of  the  orbit,  resting 
against  the  side  of  the  nose  at 
its  root.  This  vessel  receives  on  the  inner  side  the  nasal  veins,  which  pass  upwards 
obliquely  to  join  it  from  the  side  and  ridge  of  the  nose ;  whilst  some  small  superior 
palpebral  veins  open  into  it  from  the  opposite  direction.  On  a  level  with  the  lower 
margin  of  the  orbit  it  becomes  continuous  with  the  facial  vein. 

{d)  The  inferior  palpebral  veins,  two  or  three  in  number,  are  derived  from  the 
lower  eyelid,  from  the  outer  side  of  the  orbit,  and  from  the  cheek.  Thej'  pass  in  a 
direction  obliquely  inwards  above  the  zygomatic  muscle,  and  then  turn  beneath  it 
previously  to  their  termination. 

(e)  Communicating  branches  from  the  pterygoid  plexus  (deep  facial,  anterior  inter- 
nal maxillary) ;  and  also  some  branches  proceeding  from  the  orbit,  furnished  by  the 
infra-orbital  of  the  internal  maxillary  vein,  join  the  facial  on  a  level  with  the  angle 
of  the  mouth. 

(/)  Labial,  buccal,  masseteric  and  mental  branches  join  the  facial  below  the  angle 
of  the  mouth. 

(g)  The  ranine  vein,  a  small  vessel  which  lies  along  the  under  surface  of  the  tongue, 
close  to  the  freenum  linguee,  is  in  apposition  with  the  artery  of  the  same  name  :  its 
course  is  backwards  and  outwards,  between  the  mylo-hyoid  and  hyo-glossus  muscles, 
to  open  into  the  facial  vein,  or  sometimes  into  the  lingual. 

(h)  The  submental  vein,  larger  than  the  preceding,  commences  below  the  chin ;  it 
receives  branches  from  the  submaxillary  gland,  and  from  the  mj'lo-hyoid  muscle,  and, 
keeping  close  under  cover  of  the  margin  of  the  jaw-bone,  joins  the  facial  vein;  but  in 
some  instances  it  enters  the  lingual  or  superior  thyroid  vein. 

{i)  Subvwxillary  branches  from  the  gland  join  the  facial  vein  either  separately  or 
united  into  one  trunk. 

{j)  The  palatine  vein  returns  the  blood  from  the  plexus  round  the  tonsil  and 
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from  the  soft  palate ;  it  passes  downwards,  deeply  seated  by  the  side  of  the  pharynx, 
to  joiu  ouc  of  the  preceding  veins,  or  terminate  in  the  facial  separately. 

THE  TEMPORAL  VEIN. 

The  tempoi-al  vein,  a  vessel  of  considerable  size,  descends  in  front  of  the 
exteiTial  auditory  tube,  reaching  from  the  zygoma,  upon  which  it  rests,  to 
the  angle  of  tlie  jaw.  It  results  from  the  union  of  branches  which  are 
spread  out  upon  the  side  of  the  head,  some  superficially,  and  others  deej^ly 
seated.  The  siijierficial  branches  commence  upon  the  arch  of  the  skull, 
where  they  communicate  with  the  ramifications  of  the  frontal  and  occipital 
veins,  as  well  as  with  those  of  the  corresponding  vein  of  the  opposite  side. 
Descending  on  the  surface  of  the  temporal  fascia,  they  converge  ;  those 
from  the  fore  part  inclining  a  little  backwards,  while  the  posterior  branches 
run  forwards  over  the  ear  ;  and  the  two  sets  joining  together  above  the 
zygoma  form  the  trunk  of  the  temporal  vein.  The  deeper  branches,  arising 
in  the  substance  of  the  temporal  muscle,  unite  to  form  a  vein  of  some  size, 
called  the  middle  temporal,  to  distinguish  it  from  branches  still  more  deeply 
placed,  and  which  open  into  the  internal  maxillary  vein.  The  middle  tem- 
poral vein  falls  into  the  common  temporal  trunk  at  its  commencement  above 
the  zygoma.  The  temporal  vein  gradually  sinks  into  the  substance  of  the 
parotid  gland  as  it  descends  behind  the  ramus  of  the  jaw.  Beneath  the 
angle  of  that  bono,  it  divides  into  two  vessels,  one  of  which  turns  backwards, 
and  forms  the  commencement  of  the  external  jugular  vein,  while  the  other 
communicates  with  the  facial  vein  near  its  termination. 

Lateral  tributaries.  —These  are  numerous : — (a)  parotid  branches  from  the  parotid 
gland ;  (b)  articular,  from  the  articulation  of  the  jaw ;  (c)  anterior  auricular  veins 
from  the  external  ear ;  {d)  the  transverse  facial,  a  branch  of  considerable  size,  corre- 
sponding with  the  transverse  facial  artery ;  (e)  the  posterior  auricular  directed  for- 
wards from  behind,  and  joined  by  the  stylo-mastoid  vein ;  and  (/)  the  internal  maxil- 
lai-y  vein,  a  large  vessel,  which  requires  more  particular  description. 

THE  INTERNAL  MAXILLARY  VEIN. 

^  The  internal  maxillary  vein  corresponds  somewhat  in  direction  and  posi- 
tion with  the  artery  of  the  same  name,  and  receives  branches  from  the 
neighbouring  parts,  most  of  which  are  the  venae  comites  of  the  corresponding 
divisions  of  the  internal  maxiUary  artery.  Thus  three  or  four  deep  temporal 
branches  descend  from  the  temporal  muscle  ;  others  come  from  the  pterygoid, 
masseter,  and  buccmator  muscles.  The  middle  meningeal  veins  and  some 
palatine  veins  also  end  in  the  internal  maxillary  ;  and  lastly,  branches  from 
the  surface  of  the  upper  jaw— sty;erior  dental,  and  another,  of  large  size, 
from  the  lower  jaw,  emerging  from  the  dental  foramen— wi/erior  dental 
These  diflFerent  branches  form  a  plexus  of  veins,  named  pterygoid  plexus 
which  18  placed  in  the  lower  part  of  the  temporal  fossa,  between  the  tem'- 
poral  and  the  external  pterygoid  muscle,  and  in  part  between  the  pterygoid 
muscles.  It  communicates  in  front  with  the  facial  vein,  and  above  with 
the  cavernous  sinus  by  branches  through  the  base  of  the  skull  From  this 
plexus  proceed  one  or  two  short  trunks,  which  join  nearly  at  right  angles 
with  the  temporal  vem.  "         a  o 

tb  ^'^^^^^'^o^^^^^^^^f  if  f  extending  between  the  temporal  vein  at 
the  angle  of  the  jaw  and  the  facial  vein,  a  little  in  front  of  it,  is  a  short 
and  nl  "T  ^  of  the  two  into  which  the  temporal  vein  divides, 

and  placed  nearly  transversely,  so  as  to  allow  the  flow  of  blood  either  from 
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the  temporal  into  the  iuterual  jugular  vein,  or  from  the  facial  into  the 
external  jugular. 

Fig.  311. 


Fig.   Sll. — DlAORAMMATIO  VIEW  OP  THE  SiNUSES  OF  THE  DuRA  MaTER  AND  SOME  OF  THE 

Deep  Veins  of  the  Neok  and  Head  (modifierl  from  Cloquet  and  other  sources).  ^ 

The  greater  part  of  the  calvarium  has  heen  removed  ;  but  an  arched  strip  has  been 
kept  in  the  fore  and  upper  part  of  the  region  of  the  superior  longitudinal  sinus.  The 
occiput  has  been  entirely  removed  so  as  to  expose  the  lateral  sinus  and  its  termination  in 
the  jugular  vein,  a,  the  falx  cerebri  ;  b,  the  tentorium  cerebelli  of  the  right  side  ;  c, 
zygomatic  arch  ;  d,  malar  bone  ;  e,  angle  of  the  jaw ;  /,  spinous  process  of  the  axis 
vertebra  ;  1,  superior  longitudinal  sinus  ;  2,  inferior  longitudinal  sinus ;  2,  3,  straight 
sinus  ;  2',  internal  veins  of  the  brain  (veins  of  Galen) ;  3,  latei-al  sinus,  descending  to 
.4,  the  commencement  of  the  internal  jugular  ;  3',  superior  petrosal  sinus  ;  4,  4,  the 
internal  jugular  vein  ;  6,  5,  superficial  temporal  vein,  leading  into  the  external  jugular 
vein  ;  6,  middle  temporal  ;  7,  posterior  auricular  ;  8,  internal  maxillary  ;  8',  pterygoid 
plexus  and  communications  with  the  deep  temporal  veins  ;  9,  communicating  branch 
between  the  facial,  temporal  and  external  jugular;  9',  pharyngeal  branches;  10,  facial 
vein  ;  10',  submental  branch  ;  10",  continuation  of  the  facial  into  the  angular;  11,  an 
occasional  branch  from  the  neck  ;  12,  vertebral  vein  .and  artery  ;  13,  external  spinal 
veins  forming  a  plexus  over  the  vertebral  arches  ;  14,  occipital  sinus  communicating 
above  the  atlas  with  the  spinal  plexus. 
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THE  EXTEENAL  JUGULAR  VEIN. 

The  external  jugular  vein  commences  on  a  level  with  the  angle  of  the 
lower  maxilla,  at  the  end  of  the  temporal  vein,  and  descends  perpendicu- 
larly between  the  platysma  and  fascia,  crossing  the  sterno-mastoid  muscle. 
In  consequence  of  the  oblique  direction  of  that  muscle,  the  vein  gets  to  its 
outer  border,  and  continues  behind  it  down  to  the  lower  part  of  the  neck, 
whore  it  pierces  the  fascia  to  terminate  either  as  a  single  trunk,  or  by  two 
or  three  branches  in  the  subclavian  vein.  It  is  provided  with  a  valve  at  its 
lower  end,  and  in  most  cases  with  another  about  the  middle  of  its  course. 

Tributaries. — The  external  jugular  vein  receives  some  large  branches  from  behind, 
and  superficial  branches  from  the  fore  part  of  the  neck.  The  largest  branches  are 
the  following  : — 

The  2>oiitei-io7-  branch,  lying  at  first  between  the  splenius  and  trapezius  muscles, 
passes  down  at  the  outaide  of  the  jugular  vein,  and  below  the  middle  of  the  neck 
opens  into  that  vessel. 

(b)  The  supra-scapular  and  posterior  scapular  veins,  corresponding  to  the  arteries 
of  the  same  name,  pass  transversely  inwards  to  join  the  external  jugular  vein  close  to 
its  termination. 

Tlie  anterior  jugular  vein  arises  from  the  convergence  of  some  superficial 
branches  in  the  submaxillary  region.  Tliis  vessel  lies  along  the  fore  part  of 
the  neck,  sometimes  near  the  sterno-mastoid  muscle,  and  either  terminates 
by  inclining  outwards  to  join  the  external  jugular  vein,  or,  after  giving  to  it 
a  branch  of  communication,  sinks  beneath  the  sterno  mastoid  muscle,  and 
ends  in  the  subclavian  vein.  The  lower  ends  of  the  two  anterior  jugular 
veins  are  frequently  imited  by  a  transverse  branch  placed  behind  the  sterno- 
mastoid  muscles  and  top  of  the  sternum. 

The  external  jugular  vein  is  very  variable  in  size.  It  is  frequently  very  small,  and 
may  be  absent  altogether.    The  anterior  jugular  vein  is  likewise  very  variable. 


rNTBRITAI,  JUGUIAE,  VEIN. 

The  internal  jugular  veins,  receiving  the  blood  from  the  brain  and  cranial 
cavity,  are  continuous  at  their  upper  extremities  with  the  lateral  sinuses 
within  the  cranium,  and  terminate  inferiorly  in  the  innominate  or  brachio- 
cephalic veins.  The  commencement  of  each  internal  jugular  vein  at  the 
wide  part  (jugular  fossa)  of  the  foramen  jugulars,  is  somewhat  enlarged, 
and  has  been  named  the  sinus  or  gulf  of  the  internal  jugular  vein.  Beneath 
the  skull,  the  vein  is  supported  by  the  rectus  lateralis  muscle,  and  lies  close 
to  the  outer  side  of  the  internal  carotid  artery,  as  far  as  the  cornu  of  the 
OS  hyoides.  It  is  joined  at  this  point  by  the  common  facial  vein,  and 
becomes  considerably  enlarged  ;  it  then  descends  parallel  with  the  common 
carotid  artery,  lying  at  its  outer  side  and  enclosed  in  the  same  sheath, 
together  with  the  vagus  nerve.  At  the  root  of  the  neck  it  joins  nearly  at  a 
right  angle  with  the  subclavian  vein,  and  so  forms  the  innominate  or 
brachio-cephalic  vein.  Close  to  the  lower  termination  of  the  jugular  or 
from  half  an  inch  to  an  inch  above  it,  is  placed  a  double  valve  as"  in  other 
veins.    ("  Struthers,  Anat.  and  Phys.  Observ.,"  p.  173.) 

TRiBnTARiEs.-Previously  to  its  junction  with  the  facial  vein,  the  internal  jugular 
receives  the  lingual  pharyngeal,  and  occipital  veins ;  one  or  more  of  which,  however 
very  frequently  end  in  the  common  facial  trank. 

(a)  The  livf/ual  vein  begins  at  the  side  and  upper  surface  of  the  tongue,  and  passes 
backwards  receiving  branches  from  the  sublingual  gland;  occasionally  the  ranine 
vein  joms  it,  and  sometimes  also  the  pharyngeal. 

n  u  2 
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{h)  Tlie  pliarynrjcal  vein  commences  at  the  back  and  sides  of  the  phan-nx  and 
sometimes  ends  m  the  superior  thyroid  vein,  and  at  other  times  in  the  lingual,  or  sepa- 
rately in  the  internal  jugular  vein. 

(c)  The  occipital  vein,  corresponding  in  course  and  distribution  with  the  occipital 
artery,  communicates  with  a  plexus  of  veins  upon  the  occiput,  and  terminates  occa- 
sionally in  the  external  jugular  vein,  but  more  frequently  in  the  internal. 

((/)  The  common  facial  vein  has  been  already  described. 

(e)  The  lai-ynrjeal  vein  receives  branches  from  the  larynx  through  the  thyro-hyoid 
membrane,  and  opens  into  the  internal  jugular,  the  common  facial,  or  sometimes  into 
the  supei'ior  thyroid  vein. 

(/)  The  sziperior  thyroid  vein  commences  by  branches  in  the  thyroid  body, 
in  company  with  those  of  the  superior  thyroid  artery,  and  runs  transversely 
outwards. 

(g)  The  middle  thyroid  vein,  likewise  derived  from  the  thyroid  body,  is  placed  lower 
than  the  superior  thyroid. 


VENOUS  CIRCiriiATION  WITHIN  THE  CBANIITM. 

The  part  of  the  venous  system  contained  within  the  skull  consists  of 
veins  properly  so  called,  and  of  certain  channels  called  sinuses,  wliich 
receive  the  blood  from  those  veins,  and  conduct  it  to  the  internal  jugular 
veins.  The  sinuses  alluded  to  are  spaces  left  between  the  layers  of  the 
dura  mater,  the  fibrous  covering  of  the  brain. 


CEREBRAL  VEINS. 

The  veins  of  the  brain  are  divisible  into  those  which  ramify  upon  its  sur- 
face, and  those  which  are  placed  within  its  ventricles. 

The  superficial  veins  upon  the  upper  surface  of  the  hemispheres  are  for 
the  most  part  lodged  in  the  tortuous  sulci  between  the  convolutions  ;  but 
some  run  over  the  convexity  of  the  convolutions.  Their  general  dii-ection  is 
towards  the  middle  line  ;  and  on  reaching  the  margin  of  the  longitudinal 
fissure  between  the  hemispheres,  they  receive  branches  from  the  flat  mesial 
surface  of  the  hemispheres,  and,  becoming  invested  by  tubular  sheaths  of 
the  arachnoid  membrane,  incline  obliquely  forwards  and  open  in  that 
direction  into  the  superior  longitudinal  sinus. 

The  veins  upon  the  sides  and  under  surface  of  the  brain  are  directed 
outwards,  to  open  into  the  lateral  and  other  sinuses  at  each  side. 

The  deep  veins  of  the  brain  commence  by  branches  within  the  ventricles 
of  that  organ.  Upon  the  sm-face  of  the  corpus  striatum,  for  example, 
several  small  venous  branches  are  seen,  which  for  the  most  j^art  converge 
to  form  a  slender  vein  which  rims  along  the  groove  between  the  corpus 
striatum  and  optic  thalamus,  and  opens  into  one  of  the  veins  of  the  choroid 
plexus.  The  minute  veins  of  the  choroid  plexus  pass  backwards,  and  incline 
towards  the  middle  line  from  each  side,  so  as  to  form,  by  their  union,  two 
yeins — vence  Galeni.  These,  lying  parallel,  run  directly  backwards,  enclosed 
within  the  velum  interpositum,  and  escape  from  the  interior  by  passing 
through  the  great  transverse  fissure  of  the  brain  between  the  under  surface 
of  the  corpus  callosum  and  the  tubercula  quadrigemina.  In  this  way  they 
reach  the  anterior  margin  of  the  tentorium  cerebelli,  at  its  place  of  union 
with  the  falx  cerebri,  where  they  terminate  by  opening  into  the  straight 
sinus. 

The  veins  of  the  cerebellum  are  disposed  in  two  sets.  Those  of  the 
upper  surface  incline  inwards  and  forwards  for  the  most  part,  and  run 
upon  the  upper  vermiform  process,  over  which  they  ascend  a  little  to  reach 
the  straight  sinus,  in  which  they  terminate  ;  some,  farther  forward,  open 
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Fig.  312. — Internal  View  op  the  base  op  the  Skull,  showing  the  Sinuses  ov  the 

Dura  Mater,  &c.  4 

The  sinuses  of  the  dura  mater  have  been  opened,  a  small  portion  of  the  roof  of  the  orbit 
has  been  removed  posteriorly  on  the  left  side,  and  the  dura  mater  has  been  dissected  so  as 
to  bring  into  view  the  arteries  at  the  base  of  the  skull,  the  venous  sinuses  and  the  issue  of 
the  cerebral  nerves. 

I.,  the  olfactory  bulb ;  II.,  the  optic  nerves,  that  on  the  left  side  cut  short;  III., 
placed  on  the  pituitary  body,  indicates  the  third  nerve  ;  IV.,  the  trochlear  nerve  ;  V., 
placed  opposite  to  the  middle  of  the  three  divisions  of  the  fifth  nerve  as  they  pass  out  of 
the  cranium ;  VI.,  the  sixth  nerve;  VII.,  the  facial  and  auditory  nerves  entering  the 
meatus  auditorius  internus;  VIII.,  placed  opposite  to  the  three  portions  of  the  eighth  pair 
as  they  pass  into  their  several  foramina  of  the  dura  mater ;  IX.,  the  hypoglossal  nerve 
as  it  passes  to  the  anterior  condyloid  foramen  ;  1,  the  right  internal  carotid  artery  as  it 
makes  its  turn  in  the  cavernous  sinus  on  the  groove  of  the  sphenoid  bone ;  2,  its  ophthal- 
mic branch  proceeding  into  the  orbit,  below  and  to  the  outside  of  the  optic  nerve  •  3 
division  of  the  basilar  artery  into  the  two  posterior  cerebral  arteries,  one  of  which  is 
represented  on  the  right  side  as  giving  oflf  the  communicating  artery  to  the  internal  carotid  ; 
4,  basilar  artery  ;  5,  vertebral  arteries  giving  the  anterior  spinal ;  x ,  great  meuingeai 
vessels  spreading  upwards  from  the  foramen  spinosum  ;  6,  superior  petrosal  sinus  ;  7 
inferior  petrosal  running  back  into  the  lower  part  of  the  lateral  sinus  ;  8,  termination  of 
the  lateral  sinus  in  the  internal  jugular  vein,  and  continuation  of  the  lateral  sinus; 
8',  commencement  of  the  lateral  sinus  ;  9,  occipital  sinuses  ;  10,  torcular  Herophili' 
and  below  that  number  in  the  figure,  the  superior  longitudinal  sinus, 

CRANIAXi  SINUSES. 

The  venous  siuuses  withia  the  cranial  cavity  admit  of  being  divided  into 
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two  sets,  viz.  those  phiced  in  the  promiueut  folds  of  the  dura  mater,  and 
those  situated  in  the  base  of  the  skull. 

Fig.  313. — Sketch  op   the  in- 

TEUNAL  VEINS   OF   THE  CllANIUM 

AND  Nose.  ^ 

a,  torcular  Heropbili ;  b,  superior 
longitudinal  sinus  of  the  dura  mater ; 
c,  inferior  longitudinal  sinus ;  d, 
straight  sinus  ;  e,  internal  veins  of 
the  brain,  or  veins  of  Galen ;  g,  occi- 
pital sinus ;  h,  superior  petrosal 
sinus  ;  i,  inferior  petrosal  sinus  ;  k, 
nasal  veins  on  the  septum ;  superiorly 
is  shown  the  commencement  from 
some  of  these  of  the  superior  longi- 
tudinal sinus,  and  lower  down  some 
of  the  nasal  veins  passing  out  by  the 
spheno -palatine  foramen. 

The  form  and  size  of  the 
sinuses  are  various.'    All  of 
them    are    lined  by  a  con- 
tinuation of  the  internal  mem- 
brane of  the  veins,  the  dura  mater  serving  as  a  substitute  for  the  other  coats. 

The  sinuses  wliich  are  contained  in  the  several  processes  or  folds  of  the 
dura  mater  converge  to  a  common  point,  which  corresponds  "with  the  internal 
occipital  protuberance,  and  is  called  the  confluence  of  the  sinuses,  or  torcular 
HeropMli.  The  form  of  the  torcular  is  very  irregular.  Five  or  six  apertures 
open  into  it  :  viz.,  one  from  the  longitudinal,  and  one  from  the  straight 
sinus  ;  two  from  the  right  and  left  lateral  sinuses  ;  and  one  or  two  from 
the  posterior  occipital  sinuses. 

The  superior  longitudinal  sinus  (s.  falciformis  superior),  commencing  at  the 
crista  galli,  extends  from  before  backwards,  in  the  upper  border  of  the  falx 
cerebri,  gradually  increasing  in  size  as  it  proceeds.  It  is  three- sided,  and 
is  crossed  obliquely  at  the  inferior  angle  by  several  bands,  the  chordce  Willisii. 
The  veins  from  the  cerebral  surface  open  into  this  sinus  chiefly  towards  the 
back  part ;  and  in  such  a  way  that  the  apertures  of  the  greater  number  of 
them  are  directed  from  behind  forwards,  contrary  to  the  direction  of  the 
current  within  it.  The  longitudinal  sinus  communicates  with  the  veins  on 
the  outside  of  the  occipital  bone,  by  a  branch  (one  of  the  "  emissary  veins," 
Santorini)  which  passes  through  a  hole  in  the  parietal  bone. 

The  inferior  longitudinal  sinus  (s.  falciformis  inferior)  is  very  small,  and 
so  mixch  resembles  a  cylindrical  vein,  that  it  is  sometimes  named  inferior 
longitudinal  vein.  Placed  in  the  inferior  concave  border  of  the  falx  cerebri, 
it  runs  from  before  backwards,  and  opens  into  the  straight  sinus  on  reachiug 
the  anterior  margin  of  the  tentorium  cerebelli.  It  receives  branches  from 
the  surface  of  the  falx  cerebri,  and  sometimes  from  the  flat  surface  of  the 
hemispheres. 

The  straight  sinus  (s.  quartus  ;  s.  tentorii)  runs  backwards  in  the  base  of 
the  falx  cerebri,  gradually  widening  as  it  approaches  the  torcular  Herophili, 
in  which  it  terminates.  Besides  the  inferior  longitudinal  sinus,  the  vense 
Galeui  and  the  superior  veins  of  the  cerebellum  open  into  it. 

The  lateral  simises  (s.  transversi)  are  of  considerable  size.  Their  direc- 
tion conforms  to  that  of  the  groove  marked  along  the  inner  surface  of  the 
occipifcal  and  other  bones,  and  extending  from  opposite  the  internal  occi- 
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pital  protuberance  to  the  foramen  jugulare.  The  sinus  of  the  right  side  is 
usually  larger  tlian  that  of  the  left  ;  both  commence  at  the  torcular  Hero- 
phili,  and  terminate  in  the  jugular  veins.  The  lateral  sinuses  receive  the 
blood  transmitted  from  both  the  longitudinal  sinuses,  from  the  straight  ana 
occipital  sinuses,  from  the  veins  upon  the  sides  and  base  of  the  brain,  troni 
those  on  the  under  surface  of  the  cerebellum,  and  from  some  of  the  veins  ot 
the  diploe.  The  petrosal  sinuses  also  join  the  lateral  sinus  on  each  side  : 
and  two  emissanj  veins  connect  these  with  the  veins  at  the  back  of  the  head 
and  neck. 

Fig.  314. — Sketch  op  thk  venous  sinuses  Fig.  314. 

IN   THE  B.VSB  OP  TUE  CllANlUil,  WITU  THE 

Ophthalmic  Vein. 

a,  sella  turcica  and  circular  sinus  ;  b, 
cavernous  sinus  receiving  c,  the  ophthalmic 
vem;d,  superior  petrosal;  c,  inferior  petrosal 
sinus ;  /,  transverse  sinus ;  g,  occipital  ;  k, 
lateral  ;  i,  teruiiuation  of  the  superior  longi- 
tudinal in  the  torcular  Herophili. 

Tlie  postericn'  occipital  sinus  is  some- 
times a  single  canal,  not  unfrequently 
double,  as  if  composed  of  two  com- 
partments. It  lies  along  the  attached 
border  of  the  falx  cerebelli,  extending 
from  the  posterior  margin  of  the  fora- 
men magnum  to  the  confluence  of  the 
sinuses.  It  communicates  in  front 
with  the  posterior  spinal  plexuses  of 
veins. 

The  sinuses  placed  at  the  base  of  the 
skull  are  as  follows,  taking  them  in  their  order  from  before  backwards  : 

The  circular  sirms  has  the  form  of  a  ring,  and  is  placed  superficially  in  the 
margin  of  the  dura  mater  round  the  pituitary  body  ;  it  receives  the  blood 
from  the  minute  veins  of  the  pituitary  body,  and  communicates  at  each  side 
with  the  cavernous  sinus.  Sometimes  it  is  only  partially  developed,  the  part 
in  front  of  the  gland  being  that  usually  present  :  sometimes,  however,  it  is 
behind  the  gland. 

The  cavernous  sinuses  placed  one  on  each  side  of  the  body  of  the  sphenoid 
bone,  over  the  bases  of  the  great  wings,  and  stretching  from  the  sphenoidal 
fissure  to  the  apex  of  the  petrous  portion  of  the  temporal  bones,  are  of  con- 
siderable size,  and  of  very  irregular  form.  Each  receives  the  ophthalmic  vein 
at  its  fore  part,  and  communicates  internally  with  the  circular  sinus,  and 
posteriorly  with  the  petrosal  sinuses.  In  the  wall  of  each,  separated  by  the 
lining  membrane  from  the  cavity  of  the  sinus,  pass  forward  the  third, 
fourth,  and  sixth  cranial  nerves,  the  ophthalmic  division  of  the  fifth  nerve, 
and  the  internal  carotid  artery. 

The  upper  petrosal  sinus  is  a  narrow  canal  running  along  the  upper 
margin  of  the  petrous  part  of  the  temporal  bone.  Commencing  at  the  back 
part  of  the  cavernous  sinus,  it  is  directed  outwards  and  backwards  in  the 
attached  margin  of  the  tentorium  cerebelli  ;  and  descending  a  little,  ends 
in  the  lateral  sinus  where  this  lies  upon  the  temporal  bone. 

The  lou-er  i)etrosal  sinus,  wider  than  the  upper,  passes  downwards  and 
backwards  along  the  inferior  margin  of  the  petrous  bone,  between  this  and 
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the  basilar  process  of  the  occipital  bono.  It  opens  iuto  the  lateral  sinus 
near  the  termination,  or  into  the  internal  jugular  vein. 

The  antemor  occipital  or  transverse  smus  (sinus  basilaris)  is  placed  at  the 
fore  part  of  the  basilar  process  of  the  occipital  bone,  so  as  to  establish  a 
transverse  communication  between  the  opposite  inferior  petrosal  and  the 
cavernous  sinuses. 

OPHTHALMIO  VEIN. 

The  ophthalmic  vein  opens  into  the  cavernous  sinus.  Its  branches  are 
distributed  m  the  different  structures  contained  within  the  orbit  in  com- 
pany with  the  branches  of  the  ophthalmic  artery  :  some  small  ram'ificatious 
arise  from  the  eyeUds,  whUst  others  communicate  with  the  angular  branch 
of  the  facial  vein  ;  and  those  which  accompany  the  supraorbital  artery  have 
similar  connections  with  the  veins  upon  the  forehead.  All  these  branches 
together  with  others  arising  from  the  lachrymal  gland,  from  the  different 
muscles,  from  the  ethmoidal  cells,  and  from  the  globe  of  the  eye,  severally 

Fig.  315. 


Fig.  315. — Sketch  op  the  Ophthalmic  Vein,  and  op  its  Disteibtjtion  and  Com- 
MUNIOATION  with  otoek  Veins  (altered  from  Hirschfeld  and  Leveilld). 

The  orbit  is  opened  from  the  outer  side  and  the  dissection  is  similar  to  that  for  display- 
ing the  ophthalmic  artery  (represented  in  Figure  260,  at  p.  361)  ;  a,  the  optic  nerve 
before  it  enters  the  oj)tic  foramen ;  b,  the  superior  oblique  muscle  divided  before  it  passes 
through  its  pulley  ;  c,  the  lachrymal  gland  lying  upon  the  eyeball ;  d,  the  insei-tion  of 
the  inferior  oblique  muscle  ;  e,  foramen  rotundum  ;  /,  sinus  maxillaris,  opened  externally  ; 
I,  the  ophthalmic  vein  joining  the  cavernous  sinus  ;  1,  supraorbital  branch  ;  2,  muscular 
and  lachrymal  branches ;  3,  ciliary  ;  4,  anterior  and  posterior  nasal  or  ethmoid,  ;  5, 
frontal ;  6,  infraorbital ;  II,  facial  vein  ;  7,  communication  with  the  internal  maxillary  ; 
8,  external  nasal;  9,  angular,  communicating  at  10,  with  the  frontal  and  supraorbital; 
III,  external  jugular  vein  commencing  at  the  junction  of  IV,  the  temporal  and  V,  the 
internal  maxillary  veins  ;  11,  meningeal  branch  ;  12,  inferior  dental  ;  13,  muscular  ;  14, 
communication  between  the  facial,  malar  and  infraorbital ;  15,  placed  in  the  spheno- 
maxillary fossa  above  branches  connected  with  the  pterygoid  plexus. 
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named  according  to  the  arterial  branches  which  tliey  accompany,  joia  to  form 
a  short  single  trunk,  which  leaves  the  ox-bit  by  the  inner  part  of  the 
sphenoidal  fissure,  where  it  is  placed  between  the  heads  of  the  external 
rectus  muscle,  and  terminates  in  the  cavernous  sinus. 

Not  unfrequently  one  of  the  frontal  veins  is  much  larger  than  the  others,  and 
descending  vertically  near  the  middle  of  the  forehead,  joins  the  facial  and  a  branch 
of  the  ophthalmic  vein  on  one  side  of  the  root  of  the  nose. 

VEINS  OF  THK  DIPLOii. 

The  veins  of  the  diploe  of  the  cranial  bones  are  only  to  be  seen  after  the 
pericranium  is  detached,  and  the  external  table  of  the  skull  carefully  re- 
moved by  means  of  a  file.  Lodged  in  canals  hollowed  in  the  substance  of 
the  bones,  their  branches  form  an  irregular  network,  from  which  a  few 
larger  vessels  issue.  These  are  directed  downwards  at  different  parts  of  the 
cranium,  and  terminate,  partly  in  the  veins  on  the  outer  siu'face  of  the 
bones,  and  partly  in  the  sinuses  at  the  base  of  the  skull. 


Fig.  316. —Veins  op  Fig.  316. 

THE    DiPLOii  OP  THE 

Cranial  Bones  (after 
Breschet).  g 

The  external  table 
has  been  removed  from 
the  greater  part  of  the 
calvarium  so  as  to  ex- 
pose the  diploe  and  the 
veins  which  have  been 
injected.  1,  a  single 
frontal  vein  ;  2,  3,  the 
anterior  temporal  vein 
of  the  right  side  ;  4, 
the  posterior  temporal ; 
5,  the  occipital  vein  of 
the  diploe. 

According  to  Bres- 
chet there  are  four 
such  veins  on  each 
half  of  the  cranium, 
viz.,  a  frontal,  occipital,  and  two  temporal. 

.'''^'^"'''''^rir''  ^^^"^  &pertnre  at  the  snpra-orbital  notch  to  join 
the  vein  m  tha  situation.    There  is  often  only  one  frontal  vein  present.  ^ 
Ihe  temporal  are  distinguished  as  anterior  and  posterior.    The  anterior  is  con- 


VEINS  OP  THE  UPPER  LIMB. 
P  seaiea.    iioth  sets  are  provided  with  valves,  and  these  are 
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more  nnmerous  in  the  deep  than  in  the  subcutaneous  veins.  Valves  are 
constantly  to  be  found  at  the  entrance  of  branches  into  the  main  vessel 

SDPEllI'ICIAI,  VEINS  OP  THE   UPPER  LIMB, 

The  superficial  veins  of  the  upper  limb  are  much  larger  than  the  deep  : 
they  he  between  the  skm  and  the  fascia.    At  the  upper  part  of  the  fore 


Fig.  317. 


Pig.  317.— Sketch  of  the  Supekfioial  veins  of  the  Arm 

AND  FOEEARM  FROM  BEFORE.  J 

1,  biceps  muscle ;  a,  radial  veins  ;  h,  cephalic  vein  ;  c,  ulnar 
vems;  d,  some  of  the  posterior  ulnar  veins;  e,  basilic  vein 
dipping  below  the  fascia ;  /,  median  vein  ;  g,  median  basilic  : 
n,  median  cephalic. 


arm  they  are  most  frequently  collected  into  three 
trunks,  the  radial,  ulnar,  and  median  veins.  At  the 
bend  of  the  elbow  the  median  vein  divides  into  an 
outer  and  an  inuer  vessel,  named  respectively  median- 
cephalic  aud  median-budlic,  one  of  which  joins  with 
the  radial  to  form  the  cephalic  vein,  while  the  other 
joins  with  the  ulnar  to  form  the  basilic.  The  two 
principal  cutaneous  veins  of  the  forearm,  the  radial 
aud  the  ulnar,  commence  on  the  dorsal  surface  of  the 
hand,  by  a  sort  of  plexus,  formed  by  the  convergence 
of  numerous  small  veins,  which  proceed  from  the  dorsal 
surface  of  the  fingers. 

The  radial  cutaneous  vein  commences  by  branches 
upon  the  dorsal  surface  of  the  thumb  and  fore  finger. 
These  ascend  over  the  outer  border  of  the  wiist,  and 
form  by  their  union  a  large  vessel,  which  passes  along 
the  radial  border  of  the  forearm,  receiving  numerous 
branches  from  the  anterior  and  posterior  surfaces, 
'^i^*'   \  bend  of  the  arm,  in  the  groove  external  to 

the  biceps  muscle,  it  unites  with  the  median-cephalic 
division  of  the  median  vein,  to  form  the  cephalic 
vein. 

The  cephalic  vein  ascends  along  the  outer  border  of 
the  biceps  muscle  and  in  the  interval  between  the 
great  pectoral  aud  deltoid  muscles,  and  finally,  dipping 
in  between  those  muscles,  terminates  in  the  axUlajy 
vein,  between  the  coracoid  process  and  the  clavicle. 

The  ulnar  cutaneous  veins  are  two  in  number,  one  on  the  front,  the  other 
on  the  back  part  of  the  forearm.  The  posterior  ulnar  cutaneous  vein, 
begins  on  the  back  of  the  hand  by  branches,  which  unite  to  form  a  vein 
placed  over  the  fourth  metacarj)al  space,  and  called  by  some  of  the  older 
anatomists  "vena  salvatella."  This  proceeds  along  the  ulnar  border  of  the 
forearm  on  the  posterior  aspect,  aud,  below  the  bend  of  the  elbow,  turns 
forwards  to  join  with  the  anterior  ulnar  cutaneous  vein,  which  ascends  from 
the  anterior  surface  of  the  wrist.  At  the  bend  of  the  elbow,  the  common 
ulnar  cutaneous  unites  with  the  median-basilic  division  of  the  median  to 
form  the  basilic  vein. 

The  basilic  vein,  usually  of  considerable  size,  ascending  along  the  inner 
border  of  the  biceps  muscle,  in  front  of  the  brachial  artery,  passes  through 
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the  fascia  below  tho  middle  of  the  arm,  and  finally  unites  with  one  of  the 
venm  comites  of  that  vessel,  or  with  tho  axillary  vein,  which  it  chicUy 
forms. 

Fig.  318.— View  op  the  Superficial  Veins  at  Fig.  318. 

THE  bend  01?  TUB  Akm  (froiu  R.  Quain).  J 

The  full  description  of  this  figure  will  be  found 
at  p.  383.  The  following  numbers  indicate  the 
veins  :— At  1  and  2,  the  fascia  is  opened  in  front 
of  a  part  of  the  brachial  artery  and  its  accom- 
panying veins;  the  inner  vena  comes,  marked  1, 
has  been  divided,  the  outer  marked  2,  is  entire  ; 
+  ,  the  median  nerve;  3,  the  basilic  vein  ;  3',  the 
ulnar  veins  ;  4,  the  cephalic  vein  ;  4',  one  of  the 
radial  veins  ;  5,  the  median  vein  ;  5  to  4',  median 
cephalic  ;  6  to  3',  median  basilic. 

The  median  cutaneous  vein  results  from 
the  union,  on  the  anterior  part  of  the  fore- 
arm, of  several  branches.  It  is  a  short 
trunk  of  variable  length,  which  ascends 
between  the  ulnar  and  radial  cutaneous 
veins  on  the  front  of  the  forearm,  and 
terminates  beneath  the  hollow  in  front 
of  the  elbow  by  dividing  into  the  median- 
basilic  and  median-cephalic  branches  which 
diverge  upwards  from  each  other.  Close 
to  its  bifurcation  it  receives  a  short 
branch,  the  deep  median  vein,  which 
pierces  the  fascia  to  meet  it,  and  forms  a 
communication  between  it  and  the  deep 
veins  accompanying  the  arteries. 

The  median-basilic  vein,  inclining  in- 
wards to  join  the  basilic  vein,  passes  in 

front  of  the  brachial  artery,  from  which  it  is  separated  by  the  fibrous 
expansion  given  by  the  tendon  of  the  biceps  muscle  to  the  fascia  covering 
the  flexor  muscles  ;  it  is  crossed  by  branches  of  the  internal  cutaneous 
nerve. 

The  median-cephalic  vein,  directad  outwards,  unites  with  the  cephalic 
vein.    Branches  of  the  external  cutaneous  nerve  descend  behind  it. 


DEEP  VEINS  OF  THE  UPPER  LIMB. 

The  brachial  artery  and  its  various  branches  in  the  arm,  forearm,  and 
hand,  are  each  accompanied  by  two  veins,  named  venoe  comites.  These 
companion  veins  lie  one  on  each  side  of  the  corresponding  artery,  and  are 
connected  with  each  other  at  intervals  by  short  cross  branches,  wliich  in 
some  places  surronnd  the  artery.  Their  distribution  so  closely  corresponds 
with  that  of  the  arteries  that  they  need  not  be  more  particularly  described. 

The  brachial  veins,  or  companion  veins  of  the  brachial  artery,  terminate  at 
the  lower  margin  of  the  subscapularis  muscle  by  joining  the  axillary  vein  ; 
not  unfrequently,  however,  one  of  them  virill  be  found  to  come  forward 
and  unite  with  the  basilic,  which  soon  after  becomes  continuous  with  the 
axillary  vein. 

Between  the  several  veins  of  the  uppar  limb  numerous  communicationa 
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exist  iu  their  whole  course.  Thus,  those  which  lie  beneath  the  integument 
are  connected  to  each  otlrer  by  branches  in  the  hand  and  forearm.  The 
veins  in  each  pair  of  venee  comites  are  also  united  by  short  transverse 
vessels  crossing  the  artery  which  they  accompany,  whilst  between  those 
attending  different  arteries  frequent  connections  exist.  Lastly,  the  sub- 
cutaneous and  the  deep  veins  communicate  freely,  especially  in  the  neigh- 
bourhood of  joints.  This  general  anastomosis  ensures  the  continuance  of 
the  circulation  during  muscular  action  in  the  frequent  and  varied  motions 
of  the  limb. 

AXILLARY  VEIN. 

The  axillary  vein  returns  all  the  blood  from  the  upper  limb  :  its  size  is 
very  considerable,  and  it  is  the  highest  of  the  veins  of  the  upper  limb  in 
which  valves  ai-e  constantly  found.  It  extends,  like  the  corresponding 
artery,  from  the  lower  border  of  the  axilla  to  the  outer  margin  of  the  first 
rib  ;  it  is  covered  by  the  pectoral  muscles  and  the  costo-coracoid  membrane, 
and  is  placed  to  the  inner  side  of  the  axillary  artery.  It  is  continuous 
below  with  the  basilic  vein  of  the  arm,  either  alone  or  in  conjunction  with 
one  of  the  deep  brachial  veins. 


Fig.  319. 


Fig.  319.— YiEW  OF  THB  Bloodvessels  op  the  Right  Axilla  and  Arm  from  the 

INNER  SIDE  (from  R.  Quain).  | 
The  detaUed  description  of  this  figure  Tvill  be  found  at  p.  382.  _  The  following  numbers 
indicate  the  principal  veins  :-2,  the  axillary  vein  ;  3,  basilic  vein ;  3  ,  median  basilic  ; 
4,  4',  cephalic  vein  joining  the  acromial  thoracic  and  axillary  ;  6,  alar-thoracic  and 
Bubso'apular  ;  7,  one  of  the  brachial  veins. 

Tkibutariks. — The  axillary  vein  receives  the  subcutaneous  veins  of  the 
arm  viz.  the  basilic  at  its  commencement,  the  cephalic  towards  its  termination ; 
and' between  these  the  companion  veins  of  the  brachial  artery;  it  is  also 
joined  by  the  several  veins  corresponding  with  the  branches  of  the  axillary 
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artery,  viz.,  the  two  circumflex  and  the  subscapular  veins  from  the  shoulder, 
the  alar  vein  from  the  axilla,  and  the  inferior,  superior,  and  acromial 
thoracic  veins  from  the  side  of  the  chest. 

SUBCLAVIAN  VEIN. 

The  subclavian  vein  is  the  continuation  of  the  axillary,  but  is  not  like  it 
constantly  provided  with  valves,  although  a  pair  may  often  be  found  near 
its  termination  (Struthers,  loc.  cit.).  It  extends  from  the  outer  margin  of 
the  first  rib  to  the  inner  end  of  the  clavicle,  behind  which  it  terminates  by 
joining  with  the  internal  jugular  vein  to  form  the  innominate  or  brachio- 
cephalic vein.  The  subclavLm  vein  crosses  over  the  first  rib  and  behind  the 
clavicle,  not  reaching  so  high  up  in  the  neck  as  the  subclavian  artery  ;  it  is 
covered  by  the  clavicle,  and  by  the  subclavius  and  stemo-mastoid  muscles, 
and  lies  on  a  plane  anterior  to  the  artery,  from  which,  while  resting  on 
the  rib,  it  is  separated  by  the  scalenus  anticus  muscle  and  the  phrenic 
nerve. 

Tributaries. — (a).  The  external  and  anterior  jugular  veins  (p.  459) 
open  into  the  subclavian  vein  on  the  outer  side  of  the  scalenus  anticus 
muscle. 

(6).  The  vertebral  vein,  commencing  in  branches  which  proceed  from  the 
pericranium  and  the  deep  muscles  lying  behind  the  foramen  magnum  of  the 
occipital  bone,  passes  outwards  and  downwards  to  reach  the  intertransverse 
foramen  of  the  atlas.  Through  this  foramen,  and  through  the  canal  formed 
by  the  corresponding  foramina  of  the  other  cervical  vertebrse,  the  vein 
descends  with  the  vertebral  artery.  Emerging  at  the  foramen  in  the  sixth 
vertebra,  it  runs  forwards  and  downwards  to  join  the  subclavian  vein  close 
to  the  termination  :  a  small  branch  sometimes  descends  through  the  foramen 
in  the  seventh  vertebra,  and  opens  separately  into  the  subclavian.  The 
vertebral  vein  is  joined  in  its  course  by  several  branches  from  the  neigh- 
bouring muscles  ;  also,  immediately  before  its  termination,  by  a  branch 
corresponding  with  the  deep  cervical  artery  ;  and  in  the  same  situation  by 
another  branch  of  considerable  size,  which  descends  in  front  of  the  bodies 
and  transverse  processes  of  the  vertebrae  of  the  neck,  and  may  be  termed 
the  external  vertebral  vein.  It  communicates  frequently  with  the  spinal 
veins  in  the  neck,  both  those  on  the  outer  side,  and  those  ia  the  interior  of 
the  spinal  canal. 

AZYGOS  VEINS. 

The  azygos  veins  are  longitudinal  vessels  formed  by  the  union  of  the 
veins  corresponding  to  the  arteries  of  the  intercostal  spaces,  and  are  placed 
on  the  sides  of  the  spine.  In  the  lower  part  of  the  thorax  the  two  veins  of 
opposite  sides  are  disposed  symmetrically,  but  higher  up  the  blood  gathered 
from  some  of  the  veins  of  the  left  side  ia  poured  into  the  trunk  on  the 
right,  which  becomes  enlarged  and  uusymmetrical,  and  has  on  that  account 
received  the  name  of  azygos,  while  the  united  lower  veins  from  the  corre- 
sponding parts  on  the  left  side  constitute  the  small  or  left  azygos. 

The  azygos,  or  right  azygos  vein  (vena  sine  pari),  commences  sometimes 
by  a  small  branch  derived  from  the  inferior  cava,  where  that  vessel  turns 
forwards  to  reach  its  opening  in  the  diaphragm  ;  but  much  more  frequently 
It  begms  below  from  the  lumbar  veins  (ascending  lumbar)  of  the  right  side, 
and  sometimes  from  the  renal  vein.  Passing  from  the  abdomen  into  the 
thorax  through  the  aortic  opening  ia  the  diaphragm,  or  to  the  outer  side  of 
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tliat  opening  through  the  fibres  of  the  diaphragm,  the  azygos  vein  ascends 


Fig.  320. 


Pig.  320. — Skktch  of  the  Principal  Systemic 
Venous  Trunks,  the  Azygos,  and  Intercostal 
Veins. 

For  the  detailed  description  of  tlii.s  figure  see 
p.  454.  The  following  indications  relate  to  the 
accompanying  part  of  the  text:— 8,  the  right,  8', 
the  left,  superior  intercostal  veins  ;  9,  the  main 
trunk  of  the  azygos  vein  ;  the  ujjpermost  number 
marks  its  junction  with  the  superior  cava,  tlie 
lowest  its  passage  into  the  abdomen  ;  9',  the  left  or 
hcmiazgyos  ;  10,  thoracic  duct  ;  11,  inferior  vena 
cava  ;  12,  the  union  of  a  branch  of  the  left  azygos 
with  the  left  renal  vein  ;  13,  13',  the  right  and 
left  azygos  veins  continued  down  into  the  abdomen, 
and  joining  some  of  the  lumbar  veins ;  15,  union 
of  lumbar,  ilio-lumbar,  and  sacral  veins. 


Jo,/'!'K>-^"<c'  on  the  bodies  of  the  dorsal  vertebrse,  until 

it  arrives  opposite  the  root  of  the  right 
lung,  over  which,  it  arches  forwards,  and 
then  opens  into  the  upper  vena  cava,  im- 
mediately above  the  point  at  which  that 
vessel  is  invested  by  the  pericardium. 
Wlien  passing  through  the  opening  in  the 
diaphragm,  this  vein  is  accompanied  by  the 
thoracic  duct,  both  being  situated  on  the 
right  side  of  the  aorta.  In  the  thorax, 
maintaining  the  same  position  with  respect 
to  the  duct  and  the  oesophagus,  it  passes  in 
front  of  the  intercostal  arteries,  and  is 
covered  by  the  pleura.  It  is  joined  by 
the  several  veins  which  accompany  the 
aortic  intercostal  arteries  of  the  right  side  ; 
and  at  about  the  sixth  or  seventh  dorsal 
vertebra,  by  the  left  or  smaller  azygos 
vein.  It  is  also  joined  by  several  oesopha- 
geal and  other  small  veins,  and  near  its 
termination  by  the  bronchial  vein  of  the 
right  lung  ;  and  it  is  generally  connected 
with  the  right  superior  intercostal  vein. 
As  it  communicates  below  with  the  vena 
cava  inferior  through  one  of  the  branches 
of  that  large  vein,  while  it  terminates  above 
in  the  vena  cava  superior,  it  forms  a  con- 
nection between  those  two  vessels.  A  few 
valves  of  imperfect  formation  have  been 
'  found  in  the  azygos  vein  ;  its  branches 
(intercostal  veins)  are  provided  with  distinct 
valves. 

On  the  left  side  of  the  chest  the  veins 
of  the  three  or  four  upper  intercostal 
spaces  are  usually  united  into  one  trunk, 
forraini^  the  left  superior  intercostal  vein,  which  (as  ali-eady  mentioned  at 
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p,  455)  is  most  frequently  united  with  the  left  innominate  vein,  but  some- 
times is  connected  with  the  main  azygos  vein. 

Of  the  remaiuing  left  uitercostal  veins,  one  or  two,  generally  about  the 
fifth  and  sixth,  pass  directly  into  the  azygos  ;  while  the  lowest  in  gi-eater 
number  unite  almost  constantly  into  one  trunk,  forming  the  left  or  small 
azygos,  which  crosses  to  join  the  main  azygos  in  the  neighbourhood  of  the 
seventh  dorsal  vertebra.  There  is  frequently  union  between  these  three 
sets  of  veins  or  their  intercostal  branches,  so  that  a  part  of  one  may  be 
replaced  by  another,  and  the  relative  size  of  the  veins  may  be  subject  to 
considerable  variation. 

The  left  loiocr  or  small  azygos  vein  (vena  hemiazygos)  commences  from 
one  of  the  lumbar  veins  (ascending  lumbar),  or  from  the  left  renal  vein,  and 
having  entered  the  thorax  with  the  aorta,  or  through  the  cms  of  the 
diaphragm,  ascends  upon  the  spine  in  front  of  the  left  intercostal  arteries, 
receiving  the  lower  intercostal  veins  of  the  left  side ;  and  passing  behind  the 
aorta,  it  opens  into  the  right  azygos  vein,  opposite  the  sixth  or  seventh 
dorsal  vertebra. 

The  azygos  vein  has  been  seen  to  receive  the  lower  vena  cava,  and,  in  such  cases,  is 
of  course  extremely  large. 

In  one  instance,  ]\Ieckel  found  the  azygos  ending  in  the  subclavian  vein. 

All  the  intercostal  veins  of  the  left  side  have  been  observed  in  some  instances  to 
join  a  single  vein,  which  ended  in  the  left  innominate ;  the  arrangement  corre- 
sponding with  that  on  the  right  side  of  the  body. 

The  bronchial  veins  return  the  blood  employed  in  the  nutrition  of  the 
lungs.  Their  course  corresponds  with  that  of  the  bronchi,  which  support 
them  as  they  pass  towards  the  root  of  the  lungs.  The  bronchial  vein  of  the 
right  side  opens  into  the  trunk  of  the  azygos  vein  near  its  termination,  that 
of  the  opposite  side  ends  in  the  superior  intercostal  vein. 


VEINS  OF  THE  SPINE. 

The  spinal  veins  form  plexuses  of  closely  anastomosing  vessels  along  the 
whole  length  of  the  spinal  column.     They  have  no  valves. 

The  veins  within  and  upon  the  spinal  column  may  be  distinguished  into 
the  following  sets  :  a.  The  dorsal,  placed  deeply  in  the  vertebral  grooves, 
and  resting  upon  the  spines  and  arches  of  the  vertebrae,  b.  The  veins 
lodged  within  the  bodies  of  the  vertebrae,  c.  The  anterior  longitudinal 
two  long  series  of  veins,  or  rather  venous  plexuses,  extended  behind  the 
bodies  of  the  vertebrae  in  the  whole  length  of  the  canal,  d.  The  posterior 
longitudinal  veins,  situated  within  the  canal  on  the  fore  part  of  the 
arches  of  the  vertebrae,  e.  The  veins  of  the  spinal  cord.  There  are  like- 
wise branches  of  communication,  some  of  which  connect  all  the  other  sets 
together,  and  some  which  bring  them  into  connection  with  the  general 
venous  system.  (Breschet,  "  Essai  sur  les  Veines  du  Rachis,"  4to  • 
"Traite'  Anatomique  sur  le  Syst^me  Veiueux,"  foL,  1829;  Cloquet' 
"  Traits  d'Anatomie  descriptive,"  &c.)  '  ' 

a.— The  dorsal  veins.  The  blood  from  the  muscles  and  integument  along 
the  back  of  the  spine  is  returned  by  a  series  of  short  veins,  wliich  ramify 
upon  the  arches  and  spinous  processes  of  the  vertebraj.  They  run  forwards 
close  to  the  spinous  processes,  and  on  reaching  the  interval  between  the 
arches  of  the  vertebrae,  pierce  the  ligamenta  subflava,  and  terminate  in  a 
venous  plexus  within  the  canal.  Towards  the  outer  part  of  the  interverte- 
bral grooves  other  veins  arise,  which  pass  obliquely  forwards,  through  the 
intertransverse  spaces,  m  company  with  the  posterior  branches  of  the  l^bar 
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and  intercostal  arteries,  and  open  into  the  veius  which  accompany  those 
vessels. 

— The  veins  belonging  to  the  bodies  of  the  vertebrae,  (venae  basis  verte- 
brarum, — Dupuytren)  are  comparatively  large  vessels  contained  in  the 
canals  within  the  bodies  of  the  vertebrai  ;  the  arteries  which  accompany 
them  being  very  small.  They  anastomose  on  the  front  of  the  bones  with 
some  of  the  snperJScial  veins  ;  and  the  tmnk  of  each,  having  reached  the 
spinal  canal  through  the  foramen  in  the  posterior  surface  of  the  body  of  the 
vertebra,  divides  into  two  branches,  which  diverge  and  terminate  in  the 
large  spinal  veins  behind  the  bodies  of  the  vertebrae. 

c. — The  anterior  longitudinal  simial  veins. — The  blood  collected  by  the 
different  vessels  here  described  is  poured  into  two  large  veins,  or  rather 
tortuous  venous  canals,  w^hich  extend,  one  on  each  side,  along  the  whole 
length  of  the  spinal  canal  behind  the  bodies  of  the  vertebrse.  These 
vessels  (the  great  spinal  veins  of  Breschet)  are  alternately  constricted  and 
enlarged,  the  constricted  points  corresponding  with  the  intervertebral 
foramina,  where  they  are  drawn  forwards,  and  bound  down  by  the  branches 
of  communication  which  pass  outwards.  In  some  parts  the  veins  are  double, 
or  even  triple,  so  as  to  form  a  plexus,  and  occasionally  they  are  altogether 
interrupted.  In  the  thoracic  region  their  commimicating  branches  open 
into  the  intercostal  veins,  in  the  loins  into  the  lumbar  veins,  in  the  neck 
for  the  most  pai-t  into  the  vertebral. 


Fig.  321. 


Fig.  321,  A  and  B. — Horizontal  and  Vertical 
Sections  of  the  Lower  Dorsal  Vertebrae, 

SHOWING  THE  EXTERNAL  AND   INTERNAL  VeINS 

OF  THE  Spine  (after  Breschet).  | 

a,  spinous  process  ;  6,  transverse  process  ;  c, 
body  ;  d,  spinal  canal  ;  1,  anterior  external  veins 
of  the  body ;  2,  posterior  external  veins  of  the 
vertebral  column  communicating  with  the  internal 
and  forming  a  plexus  over  the  laminse  and  pro- 
cesses; 3,  the  posterior,  and  4,  the  anterior  in- 
ternal plexus  of  veins  of  the  vertebral  canal  ;  5, 
the  internal  veins  of  the  body  joining  the  internal 
spinal  veins  ;  6,  the  lateral  veins,  which  are  joined 
by  the  internal  and  external  spinal  veins,  and 
themselves  unite  with  the  intercostal. 

d.  The  posterior  longitudinal  spinal  veins 
are  a  complex  interlacement  of  tortuous 
veins  along  the  inner  or  anterior  surface 
of  the  arches  of  the  vertebras.  In  the 
lower  part  of  the  canal  this  interlacement 
of  veins  is  not  so  close  as  in  the  upper 
portion,  where  it  usually  conceals  (if  the 
injection  has  been  successful)  the  whole 
surface  of  the  dura  mater.  These  veius 
converge  to  the  intervertebral  foramina, 
and  join  by  rather  small  vessels  with  the>. 
intercostal  veins. 

e  —The  veins  of  the  spinal  cord  (Breschet)  ramify  upon  the  cord  and  its 
nerves  enclosed  within  the  sheath  formed  by  the  dura  mater.  Though 
they  communicate  with  the  other  spinal  veins,  they  are  not  injected  with 
them   even  when  the  injecting  process  is  most  successful.    Very  small, 
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long,  aud  tortuous,  they  run  upon  both  surfaces  of  the  cord,  and  form  a 
diffused  network.  Thoy  become  larger,  for  the  most  part,  as  they  ascend, 
.  but  near  the  base  of  the  skull  they  are  smaller  than  in  the  lumbar  region. 
They  communicate  freely  with  the  spinal  veins  and  plexuses,  by  means  of 
branches  which  accompany  the  nerves  towards  the  intervertebral  foramina. 
Near  the  base  of  the  skull  they  unite  to  form  two  or  three  small  trunks, 
which  communicate  by  transverse  branches  with  the  vertebral  veins,  and 
terminate  in  the  inferior  cerebellar  veins,  or  in  the  petrosal  sinuses. 

From  a  consideration  of  the  connection  aud  arrangement  of  the  different 
parts  of  these  complex  veins,  it  would  appear  that  the  main  currents  of  the 
blood  in  each  part  Qow  through  them  horizontally.  The  dorsal  veins  pour 
their  blood  into  the  longitudinal  plexus  on*  the  inner  surface  of  the  arches  of 
the  vertebra  ;  thence  it  is  collected,  at  each  of  the  intervertebral  foramina, 
by  two  or  three  small  converging  branches,  which  open  into  some  of  the 
veins  outside  the  vertebral  column  in  front,  viz.,  into  the  lumbar,  azygos, 
and  cervical  veins.  Into  these,  also,  the  contents  of  the  great  spinal  veins 
are  conveyed  by  ihe  short  communicating  branches  already  noticed, 

LOWER  VENA  CAVA. 

The  lowe7-  or  ascending  vena  cava  returns  the  blood  from  the  lower  limbs, 
and  from  the  viscera  of  the  pelvis  and  abdomen.  It  commences  at  the 
junction  of  the  two  common  iliac  veins  on  the  side  of  the  fifth  lumbar 
vertebra,  and  thence  ascends  along  the  right  side  of  the  aorta,  as  far  as  the 
posterior  border  of  the  liver  ;  it  there  becomes  lodged  in  a  groove  in  that 
organ,  after  which  it  inclines  forwards  to  reach  the  opening  in  the  diaphragm 
appropriated  to  it,  and,  after  being  enclosed  in  a  fold  of  the  pericardium, 
terminates  in  the  right  auricle  of  the  heart.  A  large  valve  is  situated  at 
its  entrance  into  the  auricle,  named  the  valve  of  Eustachius,  which,  however, 
as  already  explained  in  the  description  of  the  heart,  is  only  a  vestige  of 
foetal  structure,  vai'iable  in  size,  and  without  influence  in  preventing  reflux 
of  the  blood,  • 

Tkibutaries. — Besides  the  common  iliac  veins,  the  inferior  vena  cava 
receives  the  following  : — 

a. — The  middle  sacral  vein,  taking  its  course  upwards  on  the  front  of  the 
sacrum,  opens  into  the  left  common  iliac  vein,  or  into  the  commencement  of 
the  vena  cava. 

b- — The  himbar  veins  correspond  in  number  with  the  arteries  of  the  same 
name  :  they  commence  by  small  dorsal  branches  in  the  muscles  of  the  back  ; 
and  by  others  from  the  walls  of  the  abdomen,  where  they  communicate 
with  the  epigastric  and  other  veins  in  the  neighbourhood.  Having  reached 
the  spine,  they  receive  branches  from  the  spinal  plexuses,  and  proceed  forward 
upon  the  bodies  of  the  vertebree,  behind  the  psoas  muscle  :  those  on  the  left 
side,  passing  behind  the  aorta,  terminate  in  the  back  of  the  vena  cava. 
Some  of  these  veins  are  frequently  found  to  unite  into  a  single  trunk  before 
their  termination.  The  lumbar  veins  of  the  same  side  communicate  with 
each  other  by  branches  which  cross  in  front  of  the  transverse  processes. 
Not  unfrequently  a  branch  of  this  description  is  met  with,  called  the 
ascending  lumbar  vein,  which  connects  more  or  less  completely  the  common 
iliac  vein,  the  ilio-lumbar  aud  lumbar  veins,  and  the  azygos  vein. 

c— The  spermatic  veins,  proceeding  upwards  from  the  testicle  and 
forming  a  part  of  the  constituents  of  the  spermatic  cord,  enter  the  abdomen, 
and  ascend  on  the  psoas  muscle  behind  the  peritoneum.      Below  the 
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abdomiiial  ring  there  are  numerous  convoluted  branches  forming  the  spermatic 
plexus  (plexus  pampiniform  is).  These  branches  gradually  unite,  and  form  a 
single  vessel,  which  opens  on  the  right  side  into  the  lower  vena  cava,  and  on 
the  left  into  the  renal  vein.  The  spermatic  veins  sometimes  bifurcate  before 
their  termination,  each  division  opening  separately  ;  in  this  case,  the  veins 
of  the  right  side  may  be  found  communicating  with  the  vena  cava  and  the 
renal  vein. 

In  the  female  the  ovarian  veins  have  the  same  general  course  as  the 
ovarian  arteries  ;  they  form  a  plexus  near  the  ovary  (ovarian  or  pampiniform 
plexus)  in  the  broad  ligament,  and  communicate  with  the  uterine  plexus. 

Valves  exist  in  the  spermatic  veins  in  man  (Monro) ;  and,  in  exceptional 
cases,  they  have  been  also  seen  in  the  ovarian  veins  (Theile). 

<i- — The  renal  or  emulgent  veins  are  short,  but  of  very  considerable  size. 
That  of  the  left  side  is  longer  than  that  of  the  right,  and  passes  in  front  of 
the  aorta.  They  join  the  vena  cava  at  nearly  a  right  angle.  The  renal  veins 
usually  receive  branches  from  the  suprarenal  capsules  ;  the  left  has  also 
opening  into  it  the  spermatic  vein  of  the  same  side. 

c. — The  capsular  or  suprarenal  veins,  though  actually  small,  are,  relatively 
to  the  organs  from  which  they  arise,  of  considerable  size.  On  the  right 
side  the  vein  ends  in  the  vena  cava,  and  on  the  left  in  the  renal  or  phrenic 
vein. 

/.  — The  phrenic  veins  follow  exactly  the  course  of  the  arteries  supplied  to 
the  diaphragm  by  the  abdominal  aorta. 

g. — Tlie  hepatic  veins  return  from  the  liver  the  blood  sent  to  that  organ 
by  the  portal  vein  and  hepatic  artery.  They  converge  to  the  groove  in 
which  the  inferior  vena  cava  lies,  and  pass  at  once  obliquely  into  that  vein. 
There  are  usually  three  sets  of  hepatic  veins  proceeding  to  this  common 
point  :  those  from  the  right  and  left  lobes  are  oblique  in  their  direction, 
those  from  the  middle  of  the  liver  and  the  lobule  of  Spigelius  have  an 
intermediate  position  and  course.  The  hepatic  veins  have  no  valves  ;  but, 
awing  to  their  oblique  entrance  into  the  vena  cava,  a  semi-lunar  fold  is  seen 

the  lower  border  of  the  orifice  of  each  vein. 


Peculiarities. — The  lower  vena  cava  presents  some  occasional  deviations  from  its 
ordinary  condition,  which  may  be  briefly  noticed. 

In  the  lower  part  of  its  course,  it  is  sometimes  placed  to  the  left  side  of 
the  aorta,  and,  after  receiving  the  left  renal  vein,  resumes  its  ordinary  position  by 
crossing  over  the  great  artery.  Less  frequently,  the  vena  cava  is  placed  altogether 
on  the  left  side,  and  is  continued  upwards  to  the  heart,  without  any  change 
in  its  direction :  this  occurs  in  cases  of  transposition  of  the  thoracic  and  abdominal 
viscera  and  of  the  great  vessels. 

In  a  more  numerous  class  of  cases,  the  left  common  iliac  vein,  instead  of  joining 
the  right  in  its  usual  position,  is  connected  with  it  only  by  a  small  branch,  and  then 
ascends  on  the  left  side  of  the  aorta.  After  receiving  the  left  renal  vein,  it  crosses 
over  the  aorta,  and  terminates  by  uniting  with  the  common  iliac  vein  of  the  right 
side.  In  these  cases,  the  vena  cava  inferior  can  be  said  to  exist  only  at  the 
upper  part  of  the  abdomen,  and  below  this  point  there  is  a  vein  on  each  side  of  the 
aorta. 

Lastly,  the  lower  vena  cava,  instead  of  ending  in  the  right  auricle  of  the  heart, 
has  been  seen  to  join  the  right  azygos  vein,  which  is  then  very  large  ;  so  that  the 
blood  from  the  lower,  as  well  as  from  the  upper  part  of  the  body,  is  returned  to  the 
heart  through  the  upper  vena  cava.  In  this  case,  the  hepatic  veins  do  not  join  the 
lower  cava,  but  pass  directly  into  the  right  auricle,  at  the  usual  place  of  termination 
of  the  great  vein. 

The  left  renal  vein  has  been  seen  to  cross  behind  the  aorta. 

In  a  remarkable  case,  observed  by  llothe,  one  of  the  hepatic  veins  ended,  not  in 
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the  lower  cava,  nor  in  the  right  auricle,  but  in  the  right  ventricle  of  the  heart  its 
orifice  being  guarded  by  valves.  (Act.  Acad.  Joseph.  Med.  Chir.  Vindobonensis,  1. 1. 
p.  233,  tab.  5.    Vindobonoe,  1788.) 

VEINS  OF  THE  LOWER  LIMB  AND  PELVIS. 

The  veins  of  the  lower  limb  are  divisible  into  two  sets,  those  of  one  being 


deeply  seated,  those  of  the  other  running  in  the 
superiicial  fascia.  All  the  veins  of  the  lower  limb, 
as  high  as  the  femoral  venous  trunk,  are  provided 
with  valves,  and  these  are  more  numerous  than  in 
the  veins  of  the  upper  limb.  The  deep  veins  have 
more  valves  than  the  subcutaneous  set. 

Fig.  322. — Outline  op  the  Superpioial  Veins  of  tub 
Lower  Limb. 

1,  the  saphenous  aperture  of  the  fascia  lata  ;  a,_super- 
ficial  epigastric  vein  ;  b,  external  pudic  ;  c,  superficial  cir- 
cumflex iliac  ;  d,  external  or  short  saphenous  beginning  on 
the  dorsum  of  the  foot  (see  Fig.  326). 


SUPERFICIAL  VEINS  OF  THE  LOWEK  LIMB. 

Immediately  beneath  the  integument,  on  the 
dorsum  of  the  foot,  there  exists  a  network  of 
veins  forming  an  arch,  from  which  issue  two 
principal  trunks,  which  are  named  the  internal  or 
long  and  the  external  or  short  saphenous  veins. 

The  internal  or  long  saphenous  vein  extends 
from  the  ankle  to  within  an  inch  and  a  half  of 
Poiipart's  ligament.  Taking  rise  from  the  plexus 
of  veins  on  the  dorsum  of  the  foot,  it  passes  up- 
wards in  front  of  the  inner  ankle,  and  along  the 
inner  border  of  the  tibia,  accompanied  by  the 
internal  saphenous  nerve.  It  inclines  a  little  back- 
wards as  it  passes  the  inner  condyle  of  the  femur, 
and  ascending  along  the  inner  and  fore  part  of  the 
thigh,  it  terminates  in  the  femoral  vein,  at  the 
saphenous  opening  in  the  fascia  lata,  through  which 
it  passes. 

In  the  leg  it  communicates  with  the  deep  veins 
accompanying  the  anterior  and  posterior  tibial 
arteries,  and  in  the  thigh  one  or  more  branches 
pass  between  it  and  the  femoral  vein.  This  long 
vein  has  a  variable  number  of  valves.  Sometimes 
six  have  been  counted  ;  in  other  cases  only  four, 
or  even  two.  It  contains  more  in  its  course 
through  the  thigh  than  in  the  leg. 


Fig.  322, 


Tributariks. — The  long  saphenous  vein  is  joined  in  its 
course  by  numerous  cutaneous  vessels.  Close  to  its  tei-mi- 
nation  it  receives,  besides  a  considerable  anterior  branch, 
the  awperfidal  epigastric,  external  piuilic,  and  superficial 

circumjlex  iliac  veins,  corresponding  severally  to  arterial  branches  of  the  same  name. 
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It  is  also  usually  joined  near  its  termination  by  a  ;90s<m'o»' branch  of  considerable 
size,  coming  from  the  posterior  and  inner  part  of  the  thigh. 

The  external  or  short  saphenoris  vein  proceeds  from  branches,  which  arise 
along  the  outer  side  of  the  dorsum  of  the  foot.     It  passes  behind  the 

Fig.  323.  Fig.  323.— Ootline  of  the  Posterior  or  Short  Saphenous 

Vein. 

The  vein,  comraencing  on  the  dorsum  and  outside  of  the 
foot,  is  seen  to  pass  up  behind  the  outer  ankle  and  to  dip 
beneath  the  fascia  in  the  popliteal  space. 

outer  ankle,  and  gradually  inclines  backwards  to 
ascend  along  the  border  of  the  tendo  AchiUis  and  on 
the  belly  of  the  gastrocnemius  muscle,  accompanied 
by  the  external  saphenous  nerve ;  running  upwards 
between  the  heads  of  the  gastrocnemius,  it  unites 
with  the  popliteal  vein.  Opposite  the  ankle  and 
along  the  leg  it  communicates  with  the  deep  veins  : 
and  it  receives  superficial  accessory  veins  from  the 
outer  part  of  the  foot  and  the  back  of  the  leg. 

THE  DEEP  VEINS  OF  THE  LOWER  LIMB. 

The  deep  veins  accompany  the  arteries  and  their 
branches,  following  exactly  their  distribution.  Those 
below  the  knee,  being  for  the  most  part  disposed  in 
pairs,  and  presenting  the  disposition  described  in  the 
corresponding  veins  of  the  upper  limb,  are  named  the 
vence-  comites  of  the  vessels  with  which  they  are  as- 
sociated. The  venae  comites  of  the  arteries  of  the 
leg,  namely,  the  anterior  and  posterior  tibial  veins 
(the  latter  having  previously  received  the  peroneal), 
unite  near  the  lower  border  of  the  popliteus  muscle, 
and  form  by  their  junction  the  popliteal  vein.  The 
valves  of  the  deep  veins  of  the  leg  are  very  numerous, — ten  or  twelve  being 
sometimes  found  between  the  heel  and  the  knee. 

The  POPLITEAL  VEIN,  thus  formed,  receives  smaller  branches  correspond- 
ing with  the  articular  and  muscular  arteries,  and  the  larger  branch  named 
the  external  saphenous  vein.  In  its  course  through  the  ham,  the  popliteal 
vein  is  placed  at  first  internal  to  the  popliteal  artery,  then  behind,  and 
lastly  to  the  outer  side  of  it,  but  always  posteriorly  and  between  it  and  the 
nerve.  Thus  situated,  it  passes  up  through  the  aperture  in  the  adductor 
magnus,  and  becomes  continuous  with  the  femoral  vein. 

Peculiarities. — The  union  of  the  veins  which  form  the  popliteal  is  often  farther 
up  than  usual,  and  the  lower  part  of  the  artery  is  accompanied  by  two  veins.  This 
arrangement  in  some  rare  cases  extends  to  the  entire  length  of  the  artery. 

The  femobal  vein  extends,  like  the  artery  which  it  accompanies,  through 
the  upper  two-thirds  of  the  thigh,  and  terminates  at  Poupart's  ligament  in 
the  external  iliac  vein.  Placed  at  first  outside  the  artery,  it  gradually  inclines 
inwards  behind  it,  and  on  reaching  Poupart's  ligament,  lies  on  the  inner 
side  on  the  same  plane  with  the  artery,  and  separated  from  it  only  by  a 
slight  partition  of  the  membranous  sheath,  by  which  they  are  both  invested. 
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Fig.  324. 


In  the  lower  part  of  its  course,  the  vein  receives  all  the  ^--1;-  ^J^^ 
accon^pany  the  offsets  of  the  chief  artery.  In  the  upper  part  the  deep 
femoral  vein  opens  into  it,  having  first  received  all  the  branches  from 
muscles  supplied  by  the  deep  femoral 
artery.  Near  its  termination  the  fe- 
morid  vein  is  joined  by  the  internal 
saphenous  vein. 

Fig.  324. — View  op  the  Blood-vesskls 
OF  THE  Groin  and  neighboukinq  parts 
(from  R.  Quain).  4 

The  full  description  of  this  figure  will  be 
found  at  p.  436.  The  following  numbers 
indicate  the  veins  : — 2,  the  femoral  vein  ;  3, 
the  large  or  internal  saphenous  vein;  3', 
anterior  saphenous  ;  4,  superficial  circumflex 
veins  with  twigs  to  the  inguinal  glands ; 
6,  superficial  epigastric  ;  6,  superficial 
padic. 

The  femoral  vein  occasionally  pursues 
a  course  different  from  that  of  the  artery 
along  the  thigh.  Extending  upwards  from 
the  popliteal  space,  the  vein  in  such  cases 
perforates  the  adductor  magnus  above  the 
ordinary  position,  and  joining  with  the 
deep  femoral  vein  first  approaches  the 
femoral  artery  at  the  groin.  The  same 
vein  is  sometimes  double  in  a  small  part, 
or  more  rarely  in  almost  its  whole 
length. 


EXTERNAL  ILIAC  VEIN. 

The  external  iliac  vein  is  the  continuation  of  the  femoral  vein  from 
Poupart's  ligament  to  the  junction  of  the  internal  iliac  vein,  in  the  neigh- 
bourhood of  the  sacro-iliac  articulation.  It  is  at  first  internal  to  the 
artery,  and  on  the  left  side  it  continues  in  that  position,  but  on  the  right 
side  it  gradually  inclines  somewhat  behind  the  artery.  It  does  not  possess 
valves. 

Tributaries. — Near  its  commencement  at  Poupart's  ligament,  the  external  iliac 
vein  receives  the  circumflex  iliac  and  the  epigastric  veins. 


INTERNAL  ILIAC  VEIN. 

The  internal  iliac  vein  is  formed  by  the  union  of  branches  which  accom- 
pany the  corresponding  branches  of  the  internal  iliac  artery.  The  umbilical 
vein  of  the  foetus,  however,  which  in  the  cord  accompanies  the  corresponding 
arteries,  diverges  from  these  arteries  within  the  body,  and  passes  upwards 
to  the  liver.  The  internal  iliac  vein  lies  behind  the  corresponding  artery 
in  front  of  the  sacro-iliac  articulation,  and,  after  a  short  course  upwards 
to  the  margin  of  the  pelvis,  joins  with  the  external  iliac  vein  to  form  the 
common  iliac.  No  valves  are  found  in  the  trunk  of  the  internal  iliac  vein, 
but  they  exist  in  its  branches. 
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Tributabies.— The  tributaries  of  the  internal  iliac  vein  correspond  in 
general  to  the  various  branches  of  the  internal  iliac  artery,  with  the 
exception  that  the  internal  pudic  vein  does  not  receive  the  main  supply 
of  blood  from  the  dorsal  vein  of  the  penis.  The  visceral  veins  are  remark- 
able for  their  size  and  frequent  anastomoses,  and  have  been  described  as 
forming  a  series  of  plexuses,  severally  named  the  vesical,  prostatic,  licemyrr- 
hoidal,  ^iterine,  and  vacjinal. 

Fig-  325.  Fig.  325.— Internal 

View  of  the  Male 
Pelvis  from  the 
lept  side,  to  show 
THE  Principal 
Veins.  J 

The  greater  part 
of  the  OS  innomina- 
tum  and  pelvic  wall 
of  the  left  side,  and 
the  upper  parts  of 
the  rectum  and 
urinary  bladder,  have 
been  removed  :  the 
left  common  iliac  and 
the  right  internal 
iliac  arterie.9,  and  the 
left  external  and  in- 
ternal iliac  veins,  have 
been  cut  short,  a, 
the  right  psoas  mag- 
nus  muscle ;  b,  the 
anterior  superior  iliac 
spine  ;  c,  Poupart's 
ligament ;  d,  the 
cavernous  and  spongy 
bodies  of  the  penis 
divided  near  the  root ; 
+  ,  the  spongy  body 
of  the  bulb,  above 
which  the  mem- 
branous part  of  the 
urethra,  the  prostate, 
&c.  ;  e,  the  left  os 
pubis  close  to  the 
symphysis  ;  /,  the 
anus  ;  g,  the  spine  of 

tbe  iscliium  witb  the  sbort  sacro-sclatic  ligament ;  h,  auricular  sacro-iliac  surface ;  i, 
interior  of  the  urinary  bladder ;  k,  exterior  of  the  rectum  ;  I,  transverse  process  of  the 
fourth  lumbar  vertebra;  1,  lower  part  of  the  vena  cava  inferior  ;  1',  abdominal  aorta;  2, 
common  iliac  veins ;  2',  right  common  iliac  artery  ;  3,  external  iliac  veins  ;  3',  external 
iliac  artery  ;  4,  internal  iliac  veins,  that  of  the  right  side  entire,  that  of  the  left  divided 
and  in  great  part  removed  ;  5,  middle  and  other  veins  of  the  sacral  plexus  ;  6,  ilio-lumbar 
and  lumbar  veins  ;  7,  right  gluteal  and  upper  lateral  sacral  veins ;  8,  8',  obturator  vein 
and  artery  of  the  right  side  ;  9,  pelvic  plexus  of  veins  of  the  right  side  ;  9',  that  of  the 
left  side  connected  with  the  lower  vesical  plexus  ;  10,  placed  on  the  right  side  on  the 
short  sacro-Eciatic  ligament  immediately  below  the  division  of  the  internal  iliac  vein  into 
the  pudic  and  sciatic  veins  :  on  the  left  side,  below  4,  the  sciatic  vein  is  cut  short ;  10, 
lower  down,  the  pudic  vein;  10',  the  perineal  veins  ;  11,  placed  on  the  prostate  among 
the  lower  vesical  veins,  into  one  of  which  the  left  dorsal  vein  of  the  penis,  11,  is  seen  to 
pass  ;  12,  placed  on  the  lower  part  of  the  rectum,  may  indicate  the  plexus  of  hemorrhoidal 
veins. 


The  vesical  plexus  presents  vessels  over  the  whole  of  the  bladder  external 
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to  its  muscular  coat,  but  they  are  particularly  rich  towards  the  base  of  the 
orgau,  and  are  there  closely  connected  with  the  prostatic  and  hsemorrhoidal 
plexuses  in  the  male,  and  with  the  vaginal  plexus  in  the  female. 

The  ■prostatic  plexus  receives  two  large  vessels,  one  at  each  side,  the  divi- 
sions of  the  dorsal  vein  of  the  penis.  These,  coursing  downwards  and 
backwards  on  the  sides  of  the  prostate  gland,  expand  iuto  a  close  network 
at  the  base  of  the  gland,  which  is  quite  enciixled  by  it. 

The  hcemorrhoidal  plexus  consists  of  enlarged  and  copiously  anastomosing 
veins  in  the  walls  of  the  lower  part  of  the  rectum,  immediately  underneath 
the  mucous  membrane.  From  it  proceed  superior,  middle,  and  inferior 
hemorrhoidal  veins  accompanying  the  arteries  of  the  same  name,  and  it 
communicates  freely  with  the  plexuses  in  front  of  it.  The  superior 
hsemon-hoidal  vein  being  a  branch  belonging  to  the  portal  system,  the 
hsemorrhoidal  plexus  forms  a  very  direct  communication  beween  the  portal 
and  general  venous  systems. 

The  vaginal  plexus  surrounding  the  vagina,  principally  in  its  lower  part, 
communicates  freely  with  the  hfemorrhoidal  and  vesical  plexuses. 

The  uterine  plexus  pours  its  blood  in  greatest  part  into  the  ovarian  veins, 
and  is  not  considerable  except  in  pregnancy. 

The  dorsal  vein  of  the  penis  commences  by  branches  which  issue  from  the 
glans  penis,  and  form  in  the  first  instance  two  veins,  one  at  each  side  of  the 
middle  line,  in  the  dorsal  groove  of  the  penis.  These  receive  branches  from 
the  spongy  body  of  the  penis,  and  some  superficial  veins  which  accompany 
the  external  pudic  arteries,  and  proceeding  backwards  unite  and  form  a 
short  trunk  which  enters  the  pelvis  beneath  the  subpubic  ligament.  Here 
it  divides  into  two  branches,  which  are  dii-ected  obliquely  downwards  over 
the  prostate  and  the  neck  of  the  bladder,  and  are  united  with  the  prostatic 
plexus. 

COMMON  ILIAC  VEIN. 

The  common  iliac  vein  is  formed  by  the  confluence  of  the  external  and 
internal  iliac  veins.  Extending  from  the  sacro-iliac  articulation  upwards  to 
near  the  junction  of  the  fifth  with  the  fourth  lumbar  vertebra,  at  a  point 
a  little  to  the  right  of  the  middle  line,  the  two  common  iliac  veins  unite  to 
form  the  lower  or  ascending  vena  cava.  The  right  vein  is  shorter  than  the 
left,  and  is  nearly  vertical  in  its  direction.  The  right  vein  is  placed 
behind,  and  then  to  the  outer  side  of  its  artery  ;  whilst  the  left  vein  is  to 
the  inner  side  of  the  left  common  iliac  artery,  and  then  passes  behind  the 
right.    These  veins  are  destitute  of  valves. 

PORTAL  SYSTEM  OF  VEINS. 

The  portal  vein  differs  from  other  veins  of  the  body  in  being  subdivided 
into  branches  at  both  its  extremities.  The  branches  of  origin,  by  the 
union  of  which  it  may  be  said  to  be  formed,  are  the  veins  of  the  chylo- 
poietic  viscera,  viz.,  the  stomach,  intestine,  pancreas,  and  spleen  ;  the 
other  branches,  or  those  of  distribution,  ramifying  after  the  manner  of  an 
artery  in  the  substance  of  the  liver,  convey  to  the  capillaries  of  that  organ 
the  blood  collected  in  the  main  trunk.  This  blood,  together  with  that  of 
the  hepatic  artery,  after  having  served  for  the  secretion  of  the  bile  and  the 
nourishment  of  the  liver,  is  withdrawn  from  that  organ  by  the  hepatic  veins, 
and  carried  by  them  into  the  vena  cava  inferior. 

The  portal  vein  or  vena  port^  is  about  three  inches  in  length. 
Commencing  at  the  junction  of  the  splenic  and  superior  mesenteric  veins,  it 
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passes  upwards  and  a  little  to  the  right  to  reach  the  transverse  fissure  of  the 
hver.    It  is  placed  close  behind  the  hepatic  artery  and  the  bile  duct  :  and 

F'g-  326.  Fig.  326. -View  op  the  Prin- 

cipal-Bhanoues  OP  THfc  Vena 

POKM.  J 

.  1,  lower  surface  of  the  right 
lobe  of  the  liver  ;  2,  stomach  ;  3, 
spleen ;  4,  pancreas  ;  5,  duode- 
num ;  6,  ascending  colon  ;  7, 
small  intestines ;  8,  descending 
colon  ;  a,  vena  port*  dividing  in 
the  transverse  fissure  of  the  liver  ; 
h,  splenic  vein  ;  c,  right  gastro- 
epiploic ;  d,  inferior  ineseuteric  ; 
e,  Superior  mesenteric  vein ;  /, 
superior  mesenteric  artery. 

is  surrounded  by  the  fila- 
ments of  the  hepatic  plexus 
,of  nerves,  together  with  nu- 
merous lymphatics.  All  these 
are  imbedded  in  loose  con- 
nective tissue,  and  enclosed 
within  the  layers  of  the  small 
omentum.  Within  the  trans- 
verse fissure  it  is  somewhat 
enlarged,  and  is  there  named 
sinus  of  the  portal  vein. 

Near  the  right  end  of  the 
transverse  fissure,  the  vena 
portae  divides  into  two 
branches.  That  of  the  right 
side  enters  directly  the  sub- 
stance of  the  corresponding 
lobe  of  the  liver,  and  spreads  out  into  branches,  each  of  which  is  accom- 
panied by  an  oflFset  of  the  hepatic  artery  and  of  the  hepatic  duct.  -  The 
left  branch,  which  is  smaller,  but  necessarily  longer,  passes  across  to  gain 
the  left  end  of  the  transverse  fissure,  where  it  eaters  the  liver  and  ramifies 
like  the  preceding  branch. 

Tkibtjtartes. — The  principal  branches  which  by  their  union  contribute  to 
form  the  vena  poitae  are  the  coronary  vein  .of  the  stomach,  the  superior 
mesenteric  and  the  splenic  veins.  The  cystic  vein  is  also  sometimes  a 
lateral  tributary  of  the  portal  vein,  but  more  frequently  proceeds  from  its 
right  branch. 

The  coronary  vein  of  the  stomach  lies  parallel  with  the  artery  of  the  same 
name.  Its  size  is  inconsiderable,  and  its  direction  transverse  from  the 
cardiac  to  the  pyloric  end  of  the  stomach  along  the  small  curvature.  On 
reaching  the  latter  point  it  turns  downwards,  and  opens  into  the  trunk  of 
t^ie  vena  portee. 

The  splenic  vein,  a  vessel  of  very  considerable  size,  returns  the  blood 
not  only  from  the  spleen,  but  also  from  the  pancreas,  the  duodenum,  the 
greater  part  of  the  stomach  and  omentum,  the  descending  colon,  and  part 
of  the  rectum.    It  commences  by  five  or  six  branches,  which  issue  sepa- 
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rately  from  the  fissure  of  the  spleen,  and  soon  join  to  form  a  s\°g^«  J^^^^^^ 
:  s  dh-ecTed  from  left  to  right  beneath  the  pancreas,  m  company  with  he 
splenic  artery,  below  which  it  is  placed.     On  reaching  the  frout  of  the  spine 
it  joins  the  superior  mesenteric  vein,  nearly  at  a  nght  angle.     It  receives 

Fig.   327.— DiAORAMMA-  _         ^'S-  327. 

tio  outlink  op  the 
Portal  Vein  and  its 
relation  to  the  liver, 

&C.  i 

The  liver  is  supposed 
to  be  turued  upwards  so 
as  to  present  a  portion  of 
its  under    surface.  a, 
gall-bladder ;   b,  square 
lobe ;   c,    left  lobe ;  1, 
trunk  of  the  vena  portse  ; 
2,  great  or  superior  me- 
senteric   vein ;    2',  its 
middle  colic  branch,  form- 
ing loops  of  communica- 
tion between  the  right 
and  left  colic  veins  ;  3, 
intestinal  branches  ;  + , 
small  pahcreatico-duode- 
nal    branch i,  right 
colic   branch  ;    5,  ileo- 
colic ;  6,  coronary  vein  of 
the  stomach  ;  +  right 
gastro-epiploic  ;  7,  sple- 
nic vein  ;  T,  its  branches 
•  to  the  spleen,;   7",  its 
branches  to  the  stomach  ; 
8,    inferior  mesenteric 
vein  ;  9,  left  colic  branch  ; 
9',    its  communication 
with  the  middle  colic; 
10,  sigmoid  ;  11,  hemorr- 
hoidal; 12,  the  right,  and 

13,  the  left  division  of  the 
vena  portse  in  the  trans- 
verse fissure  of  the  liver  ; 

14,  the  obliterated  cord 
of  the  umbilical  vein 
passing  through  the  an- 
tero-posterior  fissure  to 
join  the  left  division  of 
the  vena  portse  ;  15,  the 
obliterated  cord   of  the 

ductus  venosus    passing  ,  _  - 

from  the  left  division  of  the  vena  portse  to  one  of  the  hepatic  veins  connected  with 
vena  cava  iuferiur,  of  which  a  part  is  represented  in  shade. 


16,  the 


gastric  branches  (vasa  brevia)  from  the  left  extremity  of  the  stomach,  the 
left  gastro-epiploic  vein,  some  pancreatic  and  duodenal  branches,  and  also  the 
inferior  mesenteric  vein. 

Mesenteric  Veins. — The  superior  mesenteric  vein  lies  to  the  right  side, 
and  somewhat  in  front  of  the  artery  of  the  same  name.  The  distributiou  of 
its  branches  corresponds  with  that  of  the  superior  mesenteric  artery,  and  it 
returns  the  blood  from  the  several  parts  supplied  by  that  vessel,  viz. ,  from 
the  small  intestine,  and  from  the  ascending  and  transverse  parts  of  the 


4S2 


CAliDlAC  VEINS. 


colon.  The  truuk,  formed  by  the  union  of  its  several  branches,  inclines 
tipvviirds  and  to  the  right  bide,  passing  iu  front  of  tlie  duodenum  and  behind 
the  pancreas,  where  it  joins  with  the  splenic  vein  to  form  the  vensje  portaj. 

The  branches  of  the  inferior  mesenkric  vein  correspond  with  the  ramifica- 
tions of  the  artery  of  the  same  name.  They  commence  at  the  lower  part  of 
the  rectum  in  the  haemorrhoidal  plexus,  and  unite  into  a  single  vessel  near 
the  sigmoid  flexure  of  the  colon.  From  this  point  the  vein  proceeds  up- 
wards and  inwards  along  the  lumbar  region,  behind  the  peritoneum,  crossing 
between  the  transverse  mesocolon  and  the  spine,  or  farther  to  the  left,  and 
then  passing  beneath  and  behind  the  pancreas,  it  reaches  the  splenic  vein 
in  which  it  terminates. 


VEINS  OF  THE  HEART. 

The  greater  number  of  the  cardiac  veins  are  collected  into  a  large  common 
trunk  which  pours  its  blood  into  the  posterior  part  of  the  right  auricle,  in 
the  angle  between  the  inferior  vena  cava  and  the  right  auriculo-ventricular 
orifice.  The  terminal  part  of  this  vein  is  considerably  dilated,  and  is  named 
the  coronary  sinus.  The  principal  veins  leading  into  it  are  named  the  great, 
the  posterior,  and  the  anterior  or  small  coronary  veins.  Among  these  the 
first  alone  deserves  the  name  of  coronary,  as  it  surrounds  the  heart  in  the 
left  auriculo-ventricular  groove. 

Besides  the  larger  cardiac  veins  which  join  the  great  coronary  sinus, 
there  are  also  small  separate  veins  (ven.Te  minimse  cordis),  which  open 
directly  into  the  right  auricle,  especially  along  its  right  bocder.  The  open- 
ings of  these  veins,  as  well  as  some  depressions  which  do  not  admit  veins, 
have  been  named  foramina  Thehesii. 


Fig.  328. 


Fig.  328. — View  op  the  Adult  Heart,  prom 

BEHIND,  TO  SHOW  THE  CoRONARY  VeINS.  ^ 

a,  placed  on  the  back  of  the  right  auricle, 
points  to  the  Eustachian  valve  seen  within 
the  opening  of  the  inferior  vena  cava  ;  b,  the 
back  of  the  left  auricle  ;  c,  back  of  the  right 
ventricle  ;  d,  left  ventricle  ;  e,  vena  cava  supe- 
rior ;  /,  arch  of  the  aorta  ;  1,  sinus  of  the 
great  coronary  vein  ;  2,  great  coronary  vein  turn- 
ing round  the  heart  in  the  auriculo-ventricular 
groove  ;  3,  4,  posterior  branches  ;  5,  one  of  the 
small  right  cardiac  veins  passing  directly  into 
the  right  auricle ;  6,  the  vestige  of  the  left 
superior  vena  cava  proceeding  over  the  left 
auricle  downwards  to  join  the  coronary  sinus. 

The  veins  of  the  heart  are  without 
valves  excepting  at  their  terminations. 

The  great  cardiac  vein  (vena  cordis 
magna)  is  a  vessel  of  considerable  size, 
and  from  the  way  in  which  it  coils  round 
the  left  side  of  the  base  of  the  heart, 
or  rather  of  the  ventricle,  it  may  be 
named  "coronary."  Its  chief  branch 
runs  along  the  groove  upon  the  fore  part  of  the  heart,  corresponding  with 
the  septum  of  the  ventricles.  Commencing  at  the  apex  of  the  heart,  it 
gradually  increases  in  size  as  it  approaches  the  base  of  the  ventricles,  and 
then  inclining  backwards  and  to  the  left  side  in  the  groove  between  the  left 
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aiu-icle  and  ventricle,  ends  in  tlio  coronary  sinus  :  a  valve  of  two  segments 
closes  its  aperture  in  the  sinus.  In  this  course  it  receives  branches  from 
the  ventricles,  especially  from  the  left,  and  also  from  the  left  auricle  ;  and 
as  it  passes  round  the  thick  margin  of  the  left  ventricle,  it  receives  a  vein  of 
some  size,  which  ascends  to  join  it. 

The  posterior  cardiac  veins  ascend  on  the  back  of  the  ventricles,  espe- 
cially on  the  left,  and  open  into  the  coronary  sinus  by  four  or  more  valved 
orifices.  One  of  these,  larger  than  the  rest  (middle  or  posterior  cardiac 
vein),  ascends  along  the  groove  between  the  ventricles  upon  the  posterior 
surface  of  the  heart.  It  commences  by  small  branches  at  the  apex  of  the 
heart,  which  communicate  with  those  of  the  preceding  vein,  and  then 
ascends  to  the  base,  receiving  branches  from  the  substance  of  both  ventricles. 

The  small  or  anterior  cardiac  veins  (veme  cordis  parva?)  are  several  small 
branches,  which  commence  upon  the  anterior  surface  of  the  right  ventricle, 
and  passing  upwards  and  outwards,  open  separately  into  the  right  auricle, 
after  having  crossed  over  the  groove  between  it  and  the  ventricle. 

The  coronary  siniis  is  about  an  inch  in  length,  and  is  placed  at  the  back 
of  the  heart  in  the  transvei'se  groove  between  the  left  auricle  and  ventricle, 
where  it  is  covered  by  the  muscular  fibres  of  the  auricle.  At  one  end  it  is 
joined  by  a  small  vein  from  the  right  side,  and  opens  into  the  right  auricle 
beneath  the  Thebesian  valve  ;  at  the  other,  it  receives  the  large  coronary 
vein,  and  a  small  straight  vein  directed  obliquely  along  the  back  of  the  left 
auricle  ;  whilst  between  those  points  other  veins  enter  it  from  the  back  of 
the  heart.  All  the  veins  joining  it,  except  the  small  oblique  vein,  are  pro- 
vided with  more  or  less  complete  valves  at  their  terminations. 

The  coronary  sinus,  together  with  the  small  oblique  vein  above  referred  to,  con- 
sidered with  reference  to  their  early  foetal  condition  and  certain  malformations  to 
which  they  are  subject  along  with  other  neighbouring  veins,  may  be  looked  upon 
rather  as  the  persistent  terminal  parts  of  a  typically  distinct  left  superior  vena  cava, 
than  as  simply  the  main  stem  of  the  cardiac  veins.  The  explanation  of  this  will 
be  found  in  what  follows  on  the  development  of  these  veins. 


DEVELOPMENT  OF  THE  GREAT  VEINS. 

In  the  young  foetus  before  the  development  of  the  allantois,  a  right  and  a  left 
omphalo-mesenteric  vein  bring  back  the  blood  from  the  walls  of  the  umbilical  vesicle, 
and  unite  to  form  a  short  trunk,  which  is  continued  into  the  auricular  extremity 
of  the  rudimentary  heart. 

_  In  the  first  commencement  of  the  placental  circulation,  or  in  the  third  week  of  foetal 
life  (Coste),  two  umbilical  veins  have  been  seen  coming  from  the  placenta,  and  unit- 
ing to  form  a  short  truuk,  which  opens  into  the  common  omphalo-mesenteric  vein. 
Very  soon  the  right  omphalo-mesenteric  vein  and  right  umbilical  vein  disappear. 
In  connection  with  the  common  trunk  of  the  umbilical  and  omphalo-mesenteric  veins 
two  sets  of  vessels  make  their  appearance  in  the  young  liver.  Those  furthest  from 
the  heart  named  vencB  hepaiicw  advehentes,  hecome  the  right  and  left  divisions  of 
the  portal  vem ;  the  others  are  the  hepatic  veins,  vencs  hepaticce  reveUntes.  The 
f  Too?  ^f''^^^  those  two  sets  of  veins  forms  the  ductus 

venosus  (p.  329),  and  the  part  above  the  hepatic  vein,  being  subsequently  joined  by 
the  a  cending  vena  cava,  forms  the  upper  extremity  of  that  vein.    Into  the  remaining 

above  th?KfttT'  niescnteric  and  splenic  veins.    The  pa^t 

above  the  la  ter  forms  the  trunk  of  the  portal  vein;  and  the  portion  of  vessel  be- 
tween the  union  o  this  with  the  umbilical  vein  and  ti  e  origin  of  t  e  yen  Jhe patic^ 
rthttrrer;r°'^^^^^^^^°'-^^^  trunk  opens  into  the  comiireniriS 

verte  tenou?fr,?!t^.h"°T?°T^"^  P^^^'^^'^tal  circulation,  two  short  trans- 

verse venous  trunks,  the  ducts  of  Ouvier,  open,  one  on  each  side,  i^nto  the  auricle  of 
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the  heart.  Each  is  formed  by  the  union  of  a  superior  and  an  inferior  vein,  named 
the  primitive  jugular  and  the  cardinal. 

The  primilive  jugular  vein  receives  the  blood  from  the  cranial  cavity  by  channels 
in  front  of  the  ear,  which  are  subsequently  obliterated ;  in  the  greater  part  of  its 
extent  it  becomes  the  external  jugular  vein  ;  and  near  its  lower  end  it  receives  small 
branches,  which  grow  to  be  tlie  internal  jugular  and  subclavian  veins.  The  cardinal 
vehis  are  the  primitive  vessels  which  return  the  blood  from  the  Wolffian  bodies,  the 
vertebral  column,  and  the  parietes  of  the  trunk.  The  inferior  vena  cava  is  a  vessel  of 
later  development,  which  opens  into  the  trunk  of  the  umbilical  and  omphalo-mesenteric 
veins,  above  the  vense  hepaticce  revelientes.  The  iliac  veins,  which  unite  to  form  the 
inferior  vena  cava,  communicate  with  the  cardinal  veins.  The  inferior  extremities  of 
the  cardinal  veins  are  persistent  as  the  internal  iliac  veins.   Above  the  iliac  veins  the 


Fig.  329. 


Fig.    329.  —  Diagrams  illustrating 

THE    DEVKLOPMENT    OF    TUB  UrEAT 

Veins  (after  KoUiker). 

A,  plan  of  the  principal  veins  of  the 
foetus  of  about  four  weeks,  or  soon  after 
the  first  formatiou  of  the  vessels  of  the 
liver  and  the  vena  cava  inferioi'. 

B,  veins  of  the  liver  at  a  somewhat 
earlier  period." 

C,  principal  veins  of  the  fcetus  at  the 
time  of  the  first  establishment  of  the 
placental  circulation. 

D,  veins  of  the  liver  at  the  same 
period. 

dc,  the  right  and  left  ducts  of  Cuvier; 
ca,  the  right  and  left  cardinal  veins  ; 
j.j,  the  jugular  veins  ;  s,  the  subclavian 
veins ;  a  z,  the  azygos  vein ;  u,  the  um- 
bilical or  left  umbilical  vein  ;  u'  in  B, 
the  temporary  right  umbilical  vein ;  o, 
the  omphalo-mesenteric  vein  ;  o',  the 
light  omphalo-mesenteric  vein  ;  m,  the 
mesenteric  veins;  p,  the  portal  vein; 
y,  the  venae  advehentes  ;  I,  the  duc- 
tus venosus  ;  I',  I',  the  hepatic  veins  ; 
ci,  vena  cava  inferior  ;  il,  the  division 
of  the  vena  cava  inferior  into  common 
iliac  veins  ;  cr,  the  external  iliac  or 
crural  veins  ;  h,  the  hypogastric  or  in- 
ternal iliac  veins,  in  the  line  of  continua- 
tion of  the  primitive  cardinal  veins. 

In  C,  li,  in  dotted  lines,  the  trans- 
verse branch  of  communication  between 
the  jugular  veins  which  forms  the  left 
innominate  vein  ;  ri,  the  right  innomi- 
nate vein  ;  ca',  the  remains  of  the  left 
cardinal  vein  by  which  the  superior 
intercostal  veins  fall  into  the  left  in- 
nominate vein  ;  above  p,  the  obliquely 
crossing  vein  by  which  the  hemiazygos 
joins  the  azygos  vein. 

cardinal  veins  are  obliterated  in  a  considerable  part  of  their  course ;  their  upper  por- 
tions then  become  continuous  with  two  new  vessels,  the  posterior  vertebral  veins  of 
Eathke  which  receive  the  lumbar  and  intercostal  twigs. 

As  development  proceeds,  the  direction  of  the  ducts  of  Cuvier  is  altered  by  the 
descent  of  the  heart  from  the  cervical  into  the  thoracic  region,  and  becomes  con- 
tinuous with  that  of  the  primitive  jugular  veins.  A  communicating  branch  makes  its 
nnnPirance  directed  transversely  from  the  junction  of  the  left  subclavian  and  jugular 
veins  downwards,  and  across  the  middle  line  to  the  right  jugular;  and  further  down 
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««=torinr  vpflebral  veins  a  communicating  branch 
in  tlie  dorsal  region  between  the  posterior  ve^^^^^  The  communicating  branch 

passes  obliquely  across  the  ^''^'l'^  l'""/'"""  "f'  :  , 'Linate  vein.  The  portion  of 
Ltween  the  primitive  jugular  vems  forms  --^^       ^  t,rr.iJion  of  the 

vessel  between  the  tcrmmation  of  the  right  8"^c'av'an  . 
communicating  branch  becomes  duct  of  Cuvier. 

tive  jugular  vein  below  the  Si",!^"^^^^^^^^  ft  is  the  extremity 


Fig.  330, 


Fig.  330,  A  and  B. — Diagrammatic  OUTLiNEa  op  the  Vestige  of  the  Left  StPERioR 
Cava  and  of  a  Case  of  its  Persistence  (sketched  after  Marshall).  J 

A,  Brachio-cephalic  veins  with  the  superior  intercostal,  azygos,  and  principal  cardiac 


vems. 


B  the  same  in  a  case  of  persistence  of  the  left  superior  cava,  showing  its  communication 
•with  the  sinus  of  the  coronary  vein.  The  views  are  supposed  to  be  from  before,  the  parts 
of  the  heart  being  removed. 

1,  1',  the  internal  jugular  veins  ;  2,  2',  subclavian  veins  ;  3,  right  innominate  ;  3',  right 
or  regular  superior  cava  ;  4,  in  A,  the  left  innominate  ;  iu  B,  the  transverse  or  communi- 
cating vein  between  the  right  and  left  superior  venas  cavte  ;  5,  in  A,  the  opening  of  the 
superior  intercostal  vein  into  the  innominate.;  5',  vestige  of  the  left  superior  cava  or  duct 
of  Cuvier;  5,  5',  in  B,  the  left  vena  cava  superior  abnormally  persistent,  along  with  a 
contracted  condition  of  4,  the  communicating  vein  ;  6,  the  sinus  of  the  coronary  vein  ;  6', 
branches  of  the  coronary  veins  ;  7,  the  superior  intercostal  trunk  of  the  left  side,  or  left 
cardinal  vein  ;  8,  the  principal  azygos  or  right  cardinal  vein ;  7',  8',  some  of  the  upper 
intercostal  veins  ;  9,  the  opening  of  the  inferior  vena  cava,  with  the  Eustachian  valve. 

converted  into  the  left  superior  intercostal  and  left  superior  and  inferior  azygos  veins. 
The  variability  in  the  adult  arrangement  of  these  vessels  depends  on  the  various 
extent  to  which  the  originally  continuous  vessels  are  developed  or  atrophied  at  one 
point  or  another.  The  left  duct  of  Cuvier  is  obliterated,  except  at  its  lower  end, 
which  always  remains  pervious  as  the  coronary  sinus.  Even  in  the  adult,  traces  of 
the  existence  of  this  vessel  can  always  be  recognised  in  the  form  of  a  fibrous  band, 
or  sometimes  even  a  narrow  vein,  which  descends  obliquely  on  the  left  auricle ;  and 
in  front  of  the  root  of  the  left  lung  there  remains  a  small  fold  of  the  serous  membrane 
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of  the  pencardium,  the  vestinwl  fold  of  the  pericardium,  so  named  by  Marshall  to 
whom  IS  due  the  first  full  elucidation  of  the  nature  and  relations  of  the  left  primitive 
vena  cava. 

The  left  duct  of  Cuvier  has  been  observed  persistent  as  a  small  vessel  in  the  adult 
More  frequently  a  right  and  left  innominate  vein  open  separately  into  the  right 
auricle,  an  arrangement  which  is  al.so  met  with  in  birds  and  in  certain  mammalia 
and  which  results  from  the  vessels  of  the  left  side  being  developed  similarly  to  those 
Gf  the  right,  while  the  cross  branch  remains  small  or  absent.  (Quain  on  the  Arteries 
plate  58,  figs.  9  and  10.) 


P'g-  331.  Fig.  331. — YiKw  OF  the  Fcetal  Heart 

ANi)  Great  Vessels,  from  the  left 
SIDE,  to  snow  THE  Vestige  op  the 
Left  Superior  Cava  Vein  in  situ. 
(This  figure  is  planned  after  one  of 
Marshall's,  and  slightly  altered  accord- 
ing to  an  original  dissection.) 

a,  right  auricle ;  6,  left  auricle  and 
pulmonary  veins  ;  c,  the  conus  arteriosus 
of  the  ri^ht  ventricle  ;  d,  the  left  ven- 
tricle ;  e,  descending  aorta  ;  + ,  vestigial 
fold  of  the  pericardium  ;  /,  arch  of  the 
aorta,  with  a  part  of  the  pericardium 
remaining  superiorly  ;  g,  main  pulmonary 
artery  and  ductus  arteriosus  ;  g',  left  pul- 
monary artery  ;  1,  1',  right  and  left  in- 
ternal jugular  veins ;  2,  2',  subclavian 
veins  ;  3,  right  innominate  and  superior 
vena  cava  ;  4,  left  innominate  or  com- 
municating vein  ;  5,  5',  remains  of  the 
left  superior  cava  and  duct  of  Cuvier,  passing  at  +  in  the  vestigial  fold  of  the  pericardium, 
joining  the  coronary  sinus  below,  and  receiving  above  the  superior  intercostal  vein,  7 ; 
7',  7',  the  upper  and  lower  intercostal  vein,  jpining  into  one. 


A  case  is  recorded  by  Gruber,  in  which  the  left  vena  azygos  opened  into  the 
coronary  sinus,  and  was  met  by  a  small  vein  descending  from  the  union  of  the  sub- 
clavian and  jugular.  (Reichert  and  Dubois  Reymond's  Archiv.  1864,  p.  729.)  In 
this  case,  the  jugular  veins  had  been  developed  in  the  usual  manner,  while  the  left 
vena  azygos  continued  to  pour  its  blood  into  the  duct  of  Cuvier. 

(Consult  Kblliker,  Entwicklungsgeschichte,  p.  414,  et  seq. ;  J.  Marshall,  on  the 
Development  of  the  great  Anterior  Veins  in  Man  and  Mammalia,  in  Phil.  Trans., 
part  i.,  1850;  and  Wenzel  Gruber,  liber  die  Sinus  Communis  und  die  Valvulte  der 
Venee  Cardiacse,  &c.,  in  Mem.  de  I'Acad.  imp6r.  des  Scien.  de  St.  Petersbourg,  1864 ; 
and  in  Yirchow's  Archiv.,  Jan.  1865.) 


THE  ABSORBENTS. 

The  absorbent- vessels  are  divisible  physiologically  into  two  sets; — the 
lacteals,  -which  convey  the  chyle  from  the  alimentary  canal  to  the  thoracic 
duct  ;  and  the  lymphatics,  -which  take  up  the  lymph  from  all  the  other  parts 
of  the  body,  and  return  it  into  the  venous  system.  Anatomically  con- 
sidered, however,  the  lacteals  are  not  different  from  the  lymphatics,  and 
may  be  regarded  as  the  absorbents  of  the  mucous  membrane  of  the  intestine. 
The  larger  lacteals  and  lymphatics  are  provided  with  valves,  which  give  them, 
•when  distended,  a  somewhat  moniliform  appearance ;  and  both  are  connected 
in  their  course  with  lacteal  or  lymphatic  glands. 


THOKACIC  DUCT, 


487 


3Ja 


The  general  anatomy  of  the  absorbents  having  been  elsewhere  detailed, 
only  their  course  and  position  remain  to 

be  here  described.      Thoy  are  gathered  Fig-  332. 

into  a  right  and  a  left  trunk,  which  open 
into  the  angles  of  union  of  the  subclavian 
and  internal  jugular  veins.  The  large 
vessel  of  the  left  side  traversing  the  thorax 
is  named  the  thoracic  duct :  it  receives  not 
only  the  lymphatics  of  its  own  side  of 
the  head  and  arm,  but  likewise  the  lym- 
phatics of  both  lower  limbs,  and  the  whole 
of  the  lacteals.  The  vessel  of  the  right 
side  is  named  the  right  hjmphatic  duct,  and 
receives  lymphatics  only. 


Fig.  332. — Sketch  of  the  TnoRAcro  Duct  with 
THE  Principal  Systemic  Veins. 

The  full  description  of  this  figure  will  be  found 
at  page  454. 

10,  10,  indicate  the  thoracic  duct;  the  lower 
number  is  close  to  the  reeeptaculum  chyli,  the  upper 
is  on  the  fourth  dorsal  vertebra,  above  which  the 
duct  inclines  to  the  left ;  6,  on  the  left  subclavian 
vein,  marks  the  termination  of  the  duct  in  the 
angle  of  union  of  the  subclavian  and  internal  jugu- 
lar veins  ;  6,  on  the  right  subclavian  vein,  indicates 
the  similar  termination  of  the  right  lymphatic 
trunk. 


THORACIC  DUCT, 

The  thoracic  duct  is  the  common  trunk 
which  receives  the  absorbents  from  both 
the  lower  limbs,  from  the  abdominal  viscera 
(except  part  of  the  upper  surface  of  the 
liver),  and  from  the  walls  of  the  abdomen, 
from  the  left  side  of  the  thorax,  left  lung, 
left  side  of  the  heart,  and  left  upper  limb, 
and  from  the  left  side  of  the  head  and 
neck.  It  is  from  fifteen  to  eighteen  inches 
long  in  the  adult,  and  extends  usually  from 
the  second  lumbar  vertebra  to  the  root  of 
the  neck.  Its  commencement,  however,  is 
often  as  low  as  the  third  lumbar  vertebra  ; 
and  in  some  cases  as  high  as  the  first 
lumbar,  or  even  upon  the  last  dorsal  ver- 
tebra. Here  there  is  usually  a  dilatation 
of  the  duct,  of  variable  size,  which  is 
called  reeeptaculum  chyli  (Pecquet),  and  is  i4«" 
the  common  point  of  junction  of  the  lym- 
phatics from  the  lower  limb  with  the  trunks 
of  the  lacteal  vessels. 

The  lower  part  of  the  thoracic  duct  is 
generally  wider  than  the  rest,  being  about 

three  lines  in  diameter ;  it  lies  at  first  to  the  right  side  of  or  beliind  tlie 
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aorta  ;  it  then  ascends  on  the  right  side  of  that  vessel,  in  contact  with  the 
right  crus  of  the  diaphragm,  to  the  thorax,  where  it  is  placed  at  first  upon 
the  front  of  the  dorsal  vertebrae,  between  the  aorta  and  the  azygos  vein 
J  he  duct  ascends,  gradually  inclining  to  the  left,  aud  at  the  same  time  dimi- 
nishing slightly  m  size,  until  it  reaches  the  third  dorsal  vertebra,  where 
passing  behind  the  arch  of  the  aorta,  it  comes  into  contact  with  the  oeso- 
phagus, lying  between  the  left  side  of  that  tube  and  the  pleura.  Con- 
tinuing its  course  into  the  neck  to  the  level  of  the  upper  border  of  the 
seventh  cervical  vertebra,  it  changes  its  direction  and  turns  forwards,  at  the 
same  time  arching  downwards  and  outwards  so  as  to  describe  a  curve  over 
the  apex  of  the  pleura,  and  then  terminates  on  the  outer  side  of  the  internal 
jugular  vein,  in  the  angle  formed  by  the  union  of  that  vein  with  the  sub- 
clavian. The  diminution  in  the  size  of  the  duct  as  it  ascends  is  such  that 
at  the  fifth  dorsal  vertebra  it  is  often  only  two  lines  in  diameter,  but  above 
this  point  it  again  enlarges.  The  duct  is  generally  waving  and  tortuous  in 
its  course,  and  is  constricted  at  intervals  so  as  to  give  it  a  varicose  ap- 
pearance. 

The  thoracic  duct  is  not  always  a  single  trunk  throughout  its  whole  extent ;  it 
frequently  divides  opposite  the  seventh  or  eighth  dorsal  vertebra  into  two  trunks, 
which  soon  join  again ;  sometimes  it  separates  for  a  short  distance  into  three  divisions, 
which  afterwards  unite,  and  enclose  between  them  spaces  or  islets.  Cruikshank  in 
one  case  found  the  duct  double  in  its  entire  length ;  "in  another  triple,  or  nearly  so." 
In  the  neck,  the  thoracic  duct  often  divides  into  two  or  three  branches,  which  in  some 
instances  terminate  separately  in  the  great  veins,  but  in  other  cases  unite  tirst  into  a 
common  trunk.  In  a  case  of  right  aortic  arch  the  thoracic  duct  has  been  observed  to 
end  in  the  veins  of  the  right  side  (A.  Thomson). 

The  thoracic  duct  has  numerous  double  valves  at  intervals  throughout 
its  whole  course,  which  are  placed  opposite  to  the  nodulated  parts  of  the 
vessel.  They  are  more  numerous  in  the  upper  part  of  the  duct.  At  the 
termination  of  the  duct  in  the  veins  there  is  a  valve  of  two  segments,  so 
placed  as  to  allow  the  contents  of  the  duct  freely  to  pass  into  the  veins, 
but  which  would  effectually  prevent  the  reflux  of  either  chyle  or  blood  into 
the  duct. 


THE  RIGHT  LYMPHATIC  DUCT. 

The  right  lymphatic  duct  is  a  short  vessel,  about  a  line  or  a  little  more 
in  diameter,  and  about  a  quarter  or  half  an  inch  in  length,  which  receives 
the  lymph  from  the  absorbents  of  the  right  upper  limb,  the  right  side  of 
the  head  and  neck,  the  right  side  of  the  chest,  the  right  lung,  and  the  right 
half  of  the  heart,  and  from  part  of  the  upper  surface  of  the  liver.  It 
enters  obliquely  into  the  receding  angle  formed  by  the  union  of  the  right 
subclavian  and  internal  jugular  veins,  where  its  orifice  is  guarded  by  a  double 
valve. 

LYMPHATICS  OF  THE  LOWER  LIMB 

AND  SUBPACE  OF  THE  LOWER  HALF  OF  THE  TRUNK. 

The  lymphatics  of  the  lower  limb  are  arranged  in  a  superficial  and  a  deep 
series.  Those  of  the  superficial  series,  together  with  the  superficial  lym- 
phatics of  the  lower  half  of  the  trunk,  converge  to  the  superficial  inguinal 
glands  ;  with  the  exception  of  a  few  which  dip  into  the  popliteal  space. 
Those  of  the  deep  series  converge  to  the  deep  inguinal  glands. 
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The  popliteal  lymphatic  glands, 
usually  very  small,  and  four  or  five  in 
number,  surround  the  popliteal  vessels, 
and  are  imbedded  in  a  quantity  of 
loose  fat.  They  receive  from  below 
the  deep  lymphatics  of  the  leg,  and 
those  wliich  accompany  the  short 
saphenous  vein  ;  and  from  them  pro- 
ceed efferent  vessels,  which  ascend 
■with  the  femoral  artery  to  the  groin. 

Fig.  333. — View  of  the  Sufkiifictal  Lym- 
phatic Vesskls  and  Glands  oFinii  Right 
Groin  and  Lowkb  Limb,  as  sekn  from 
THE  Front  and  Inner  Side  (founded  on 
Mascagni  and  otbers).  1 
1,  1,  upper  inguinal  glands  receiving  the 
lower  abdominal,  the  inguinal,  penal,  and 
scrotal  lymphatic  vessels ;  2,  2,  femoral  or 
lower  inguinal  glands  receiving  the  anterior 
internal  and  external  femoral  lymphatic  ves- 
sels ;  2',  tlJe  interaal  lymphatic  vessels ;  3,  3, 
large  plexus  of  lymphatic  vessels  in  the  course 
of  the  saphenous  veins ;  4,  the  same  descend- 
ing upon  the  leg ;  5,  posterior  lymphatics  of 
the  calf  of  the  leg  ;  6,  lymphatic  vessels  of  the 
dorsum  of  the  foot ;  7,  those  of  the  heel  and 
inner  ankle. 

The  superficial  inguinal  glands  vary 
much  in  number,  amounting  on  an 
average  to  eight  or  ten  ;  they  are 
divisible  into  a  superior  or  oblique 
and  an  inferior  or  vertical  set.  The 
oblique  glands  lie  in  the  line  of  Pou- 
part's  ligament  and  receive  lymphatics 
from  the  integuments  of  the  trunk  and 
genital  organs,  together  with  a  few 
from  the  upper  and  outer  part  of  the 
limb  ;  the  vertical  glands  surround  the 
upper  part  of  the  long  saphenous  vein, 
and  extend  two  or  three  inches  down- 
wards along  the  course  of  that  vessel  ; 
they  receive  the  greater  number  of  the 
lymphatics  which  ascend  from  the  limb. 
The  efferent  vessels  of  the  superficial 
inguinal  glands  perforate  the  fascia, 
come  into  connection  with  those  situ- 
ated deeply,  pass  into  the  abdomen  by 
the  side  of  the  blood-vessels,  and  ter- 
minate in  a  chain  of  lymphatics  which 
lie  along  the  external  iliac  artery,  and 
end  in  the  lumbar  glands. 

The  deep-seated  ingidnal  glands  are 
placed  beneath  the  others,  and  surround 
the  femoral  artery  and  vein. 

K  K 
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The  superficial  lymphatics  of  the.  lower  limb  arise  in  two  sets,  one  from 
the  iuner  part  of  the  dorsum  and  sole  of  the  foot,  the  other  from  the  outer 
The  inner  vessels  follow  a  similar  course  to  that  of  the  internal  saphenous  vein ': 
passing  partly  in  front  aud  partly  behind  the  inner  ankle,  they  ascend 
along  the  inner  side  of  the  knee  aud  front  of  the  thigh,  and  terminate  in 
the  superficial  inguinal  glands.  The  outer  vessels,  ascending  from  the  outer 
side  of  the  foot,  pass  in  great  part  obliquely  across  the  popliteal  space  to 
join  the  inner  set  above  the  knee  ;  in  part  they  reach  the  inner  set  by 
crossing  in  front  of  the  tibia  ;  and  a  small  number  of  them  accompanying 
the  external  saphenous  vein,  dip  down  between  the  heads  of  the  gastrocne- 
mius muscle,  and  end  in  tlie  popliteal  glands.  From  the  middle  line  of 
the  back  of  the  thigh  lymphatics  pass  round  on  both  sides  to  reach  the 
inguinal  glands.     (Mascagni,  Vasorum  Lymph.  Historia,  1787.) 

The  deep-seated  lymphatics  of  the  lower  limb  are  associated  in  their  whole 
course  with  the  deep  blood-vessels.  In  the  leg  they  consist  of  three  divi- 
sions, namely,  anterior  tibial,  posterior  tibial,  and  peroneal.  Neither  these 
nor  the  superficial  absorbents  pass  through  any  lymphatic  gland  in  the  leg, 
unless  it  be  those  lymphatics  which  accompany  the  anterior  tibial  artery,  near 
which  a  small  gland  is  sometimes  found  on  the  front  of  the  inter-osseous  liga- 
ment, above  the  middle  of  the  leg.  The  several  sets  of  deep  lymphatics  in  the 
leg  enter  the  lymphatic  glands  situated  in  the  popliteal  space.  The  efferent 
vessels  from  those  glands  are  joined  by  others  in  contact  with  the  branches 
of  the  femoral  artery,  and  enter  the  deep  inguinal  glands.  Other  deep 
lymphatics,  derived  from  the  muscles  of  the  gluteal  region,  and  many  pro- 
ceeding from  the  adductor  muscles  of  the  thigh,  enter  the  cavity  of  the 
pelvis  in  company  with  the  gluteal,  sciatic,  and  obturator  arteries,  and  pass 
through  a  series  of  glands  situated  in  the  neighbourhood  of  the  internal  and 
common  iliac  arteries. 

The  superficial  lymphatics  of  the  lower  half  of  the  trunk  converge  to 
the  superficial  inguinal  glands,  the  direction  of  some  of  them  being  indicated 
by  the  superficial  circumflex  iliac  and  epigastric,  and  the  external  pudic 
arteries.  Externally  they  converge  to  the  groin  from  the  ghiteal  region  and 
from  the  lower  part  of  the  back,  those  from  the  back  crossing  others  which 
pass  upwards  to  the  axillary  glands.  Anteriorly  they  descend  from  the 
greater  part  of  the  surface  of  the  abdomen,  crossing  and  mingling  above 
the  umbilicus  with  vessels  which  ascend  towards  the  axillary  glands. 

The  superficial  lymphatics  of  the  penis  usually  form  three  vessels,  two 
being  placed  at  the  sides,  and  the  other  on  the  dorsum  of  the  organ. 
Commencing  in  the  prepuce  and  beneath  the  mucous  lining  of  the  urethra, 
they  pass  backwards,  unite  on  the  dorsum  penis,  and,  again  subdividing, 
send  branches  on  each  side  to  the  oblique  inguinal  glands.  The  deep-seated 
lymphatics  of  the  penis  pass  under  the  pubic  arch,  and  end  in  the  glands 
on  tlie  internal  iliac  artery. 

The  lymphatics  of  the  scrotum  pass  to  the  superficial  inguinal  glands  along 
the  course  of  the  external  pudic  arteries. 

The  lymphatics  of  the  external  generative  organs  in  the  female  present  a 
disposition  similar  to  that  existing  in  the  male. 

ABSORBENTS  OF  THE  ABDOMEN  AND  PELVIS. 

The  external  iliac  lymphatic  glands,  from  six  to  ten  or  moi'e  in  number, 
clustering  round- the  external  iliac  artery,  receive  the  efferent  vessels  from 
both  deep  and  superficial  inguinal  glands. 
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The  internal  iliac  lymphatic  glands,  a  numerous  series  placed  on  tlie 
internal  iliac  arteiy,  and  the  sacral  ijlanch,  placed  in  the  hollow  of  the 
sacrum,  receive  the  lymphatics  from  the  pelvic  viscera  and  parietes. 

Tlie  lumbar  lymphatic  glands  are  very  large  and  numerous  ;  they  are 
placed  in  front  of  the  lumbar  vertebrae,  around  tlio  aorta  and  vena  cava. 
To  these  proceed  the  efferent  vessels  of  the  glands  already  mentioned,  as 
well  as  those  which  accompany  several  of  the  branches  of  the  abdominal 
aorta. 

The  efferent  absorbent  vessels  which  proceed  from  the  lumbar  glands  pj-o- 
gressively  increase  in  size,  while  their  number  diminishes,  and  at  length 
they  unite  into  a  few  trunks,  which,  with  those  of  the  lacteals,  form  the 
origin  of  the  thoracic  duct. 

The  deep  lymphatics  of  the  ahdomvnal  wall  in  part  pass  along  the 
circumflex  iliac  and  epigastric  arteries  to  the  external  iliac  glands  ;  the 
greater  number  are  directed  backwards  with  the  ilio-lumbar  and  lumbar 
arteries,  and,  being  joined  by  the  lymphatics  from  the  muscles  of  the  back, 
pass  behind  the  psoas  muscle  to  the  vertebral  column,  where  they  enter  the 
lumbar  glands. 

The  lacteals  (vasa  lactea,  chylifera)  commence  in  the  coats  of  the  intes- 
tines, by  a  very  close  plexus,  and  extend  to  the  thoracic  duct,  in  which 
they  all  terminate  :  they  are  derived  in  far  larger  numbers  from  the  small 
than  from  the  large  intestine,  so  that  they  abound  in  the  mesentery,  and 
particularly  in  that  of  the  jejunum  and  ileum.  Two  series  of  absorbent 
vessels  are  found  along  the  tube  of  the  intestine,  having  different  positions 
and  directions  :  those  nearest  to  the  outer  surface  of  the  intestine  run 
longitudiually  in  the  course  of  the  canal,  lying  beneath  the  peritoneal  coat ; 
whilst  others,  placed  more  deeply  between  the  muscular  and  mucous  coats, 
run  transversely  round  the  intestine,  and  are  directed  thence  with  the 
arteries  and  veins  along  the  mesentery,  enclosed  between  the  two  layers  of 
the  peritoneum.  (Cruikshank,  Anatomy  of  the  Absorbent  Vessels,  p.  162.) 
Sometimes  the  more  superiicial  absorbents  of  the  intestine  are  named 
lymphatics,  to  distinguish  them  from  the  deep  set  which  are  those  which 
absorb  the  chyle  from  the  cavity  of  the  intestine.  According  to  Teichmann 
(Das  Saugader-system,  1861,  p.  75),  the  two  plexuses  have  no  capillary 
anastomoses,  but  communicate  only  through  valved  vessels  :  this  they  do 
freely.  The  lacteals,  having  entered  the  mesentery,  take  the  course  of  the 
blood-vessels,  and  pass  through  numerous  lymphatic  glands  (mesenteric 
glands). 

The  mesenteric  glands  vary  in  number  from  a  hundred  and  thirty  to  a 
hundred  and  fifty  ;  and  in  the  healthy  state  are  seldom  larger  than  an 
almond.  They  are  most  numerous  in  that  part  of  the  mesentery  which 
corresponds  with  the  jejunum  ;  and  they  seldom  occur  neai-er  to  the 
attached  border  of  the  intestine  than  two  inches.  In  mesenteric  disease 
they  are  subject  to  enlargement,  and  become  the  seat  of  unhealthy  deposits. 
Small  glands  in  limited  numbers  aro  also  disseminated  irregularly  between 
the  folds  of  the  peritoneum  connected  with  the  large  intestines. 

Having  passed  through  these  glands,  the  lacteals  gradually  unite  as  they 
approach  the  attached  border  of  the  mesentery,  and  so  become  diminished 
in  number  but  increased  in  size,  until  at  length,  near  the  root  of  the  supe- 
rior mesenteric  artery,  only  two  or  three  trunks  remain,  which  end  in  the 
thoracic  duct.  Sometimes,  however,  six  or  seven  of  these  vessels  open 
separately  into  the  commencement  of  the  duct.  Those  from  the  descending 
colon  and  its  sigmoid  flexure  usually  join  some  of  the  lumbar  lymphatics,  or 
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Fig.  334. — Principal  Lymphatic  Vessels  and  Glands  of  the  Abdomen  and  Pelvis 

(modified  from  Mascagni;. 

a,  tlie  abdominal  aorta,  the  upper  part  of  it  having  been  removed  to  show  the  deepest 
lumbar  plexuses  of  lymphatics  ;  a',  the  vena  cava  inferior  ;  h,  the  right,  c,  the  left  crus  of 
the  diaphragm  ;  d,  the  right  kidney ;  e,  the  suprarenal  body ;  /,  the  ureter  ;  g,  the  psoas 
muscle  ;  h,  the  iliacus  ;  Jc,  the  lower  part  of  the  sacrum  within  the  pelvis  ;  1,  the  com- 
mencement of  the  thoracic  duct;  2,  3,  2,  the  largest  of  the  lymphatic  and  lacteal  trunks 
•which  join  the  thoracic  duct,  the  hepatic,  splenic,  gastric,  &c.  ;  4,  the  suprarenal  lym- 
phatics ;  5,  the  renal,  joining  some  of  tbe  lumbar  plexus  ;  6,  the  spermatic ;  7,  7,  the 
lumbar  lymphatic  vessels  and  glands  ;  7',  7',  some  of  the  lymphatics  of  the  loins  ;  8,  8, 
those  surrounding  the  common  iliac  vessels,  and  proceeding  from  the  lymphatics  of  the 
pelvis  and  lower  limb  ;  9,  9,  the  external  iliac  ;  10,  10,  the  internal  iliac  receiving  those 
from  the  sacrum,  walls  of  the  pelvis,  and  at  11,  11,  and  at  k,  those  from  the  viscera 
(bladder  and  rectum)  ;  12,  lymphatics  of  the  dorsum  of  the  penis  passing  to  those  of 
the  groin  ;  13,  the  deep  femoral  lymphatics  and  glands. 
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turn  upwards  and  opou  by  a  separate  trunk  into  the  lower  end  of  the 
thoracic  duct. 

The  absorbents  of  the  stomach,  like  those  of  the  intestines,  are  placed,  some 
beneath  the  peritoneal  coat,  and  others  between  the  muscular  and  mucous 
coats.  Following  the  direction  of  the  blood-vessels,  they  become  arranged 
into  three  sets.  Tho.se  of  one  set  accompany  the  coronary  vessels,  and 
receiving,  as  they  run  from  left  to  right,  branches  from  both  siu-faces  of  the 
organ,  turn  backwards  near  the  pylorus,  to  join  some  of  the  larger  trunks. 
Another  series,  from  the  left  end  of  the  stomach,  follow  the  vasa  brevia, 
and  unite  with  the  lymphatics  of  the  spleen  :  whilst  those  of  the  third  set, 
guided  by  the  right  gastro-epiploic  vessels,  incline  from  left  to  right  along 
tlie  great  curvature  of  the  stomach,  from  which  they  pass  backwards,  and 
at  the  root  of  the  mesentery  terminate  in  one  of  the  principal  efferent  lacteal 
vessels. 

The  absorbents  of  the  rectum,  likewise  in  two  strata,  are  frequently  of 
considerable  size  :  immediately  after  leaving  the  intestine,  some  of  them 
pass  through  small  glands  which  lie  contiguous  to  it ;  finally,  they  enter 
the  lymphatic  glands  situated  in  the  hollow  of  the  sacrum,  or  those  higher 
up  in  the  loins.  At  the  anus  their  capillary  network  is  continuous  with 
that  of  the  cutaneous  absorbents. 

The  lymphatics  of  the  spleen  are  placed,  some  immediately  under  its 
peritoneal  covering,  others  in  the  substance  of  the  organ.  Both  sets 
converge  to  the  inner  side  of  the  spleen,  come  in  contact  with  the  blood- 
vessels, and,  accompanying  these,  pass  through  a  series  of  small  glands, 
and  terminate  in  the  larger  lymphatics  of  the  digestive  organs. 

Lymphatics  emerge  from  the  pancreas  at  different  points,  and  join  those 
derived  from  the  spleen. 

The  lymphatics  of  the  liver  are  divisible  into  three  principal  sets,  according 
as  they  are  placed  upon  its  upper  or  its  under  surface,  or  are  spread  tlirough 
its  substance  with  the  blood-vessels. 

The  lymphatic  vessels  on  the  upper  surface  of  the  liver  incline  towards 
particular  points,  and  so  become  distinguishable  into  groups,  of  which  four 
are  usually  enumerated.  1.  From  the  middle  of  this  surface  five  or  six 
branches  rim  towards  the  falciform  ligament,  and  being  directed  forwards 
on  this  membrane,  they  unite  to  form  a  large  trunk,  which  passes  iipwards 
between  two  slips  of  the  attachment  of  the  diaphragm,  beliind  the  ensiform 
cartilage.  Having  reached  the  iuterpleiiral  space  behind  the  sternum,  they 
ascend  through  a  chain  of  lymphatic  glands  found  upon  the  internal  mam- 
mary blood-vessels.  2.  The  second  group  consists  of  vessels  which  incline 
outwards  towards  the  right  lateral  ligament,  opposite  to  which  they  unite  into 
one  or  two  larger  lymphatics  ;  these  pierce  the  diaphragm,  and  run  forwards 
upon  its  upper  surface  to  join  the  preceding  set  of  vessels  behind  the  sternum. 
In  some  cases,  however,  instead  of  passing  into  the  thorax,  they  turn  inwards 
on  reaching  the  back  part  of  the  liver,  and,  running  upon  the  crus  of  the 
diaphragm,  open  into  the  thoracic  duct  close  to  its  commencement.  3. 
Another  set  of  lymphatics  is  found  upon  the  left  lobe  of  the  liver  ;  the 
vessels  of  which  it  is  composed,  after  reaching  the  left  lateral  ligament  pierce 
the  diaphragm,  and,  turning  forwards,  end  in  the  anterior  glands  of  the 
mediastinum.  4.  Finally,  along  the  fore  part  of  the  liver  some  vessels  will  be 
observed  to  turn  downwards  and  join  those  placed  upon  the  under  surface. 

The  under  surface  of  the  liver  is  covered  by  an  open  network  of  lymphatic 
vessels.  On  the  right  lobe  they  are  directed  over  and  under  the  gall- 
bladder to  the  transverse  fissure,  where  some  join  the  deep  lymphatics  ; 
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Fig.  335. — Diagrammatic 
Outline  op  the  Prin- 
cipal Absorbent  Vessels 
AND  Ducts.  ^ 

a,  junction  of  the  right 
jugular  and  subclavian  veins 
in  the  right  innominate  ;  b, 
the  same  on  the  left  side  ; 
1,  the  thoracic  duct,  show- 
ing a  division  in  its  upper 
part ;  farther  down  a  se- 
paration into  two  vessels 
enclosing  a  space  between 
them,  and  at  its  lower  ex- 
tremity, 1',  the  receptaculum 
chyli ;  2,  the  principal  cer- 
vical lymphatic  vessels  with 
the  larger  glands  near  their 
terminations ;  3,  3',  the 
principal  axillary  lymphatic 
vessels  and  glands,  joined  by 
those  from  the  shoulder  and 
lower  part  of  the  neck ;  4,  4', 
the  right  and  left  internal 
mammary  and  anterior  medi- 
astinal lymphatic  vessels  (re- 
presented as  more  widely  se- 
parated than  natural) ;  on  the 
right  side,  4'  and  4",  mark 
the  junction  with  the  internal 
mammary  of  the  superior 
hepatic  and  anterior  superior 
phrenic  lymphatics  ;  5,  some 
deeper  mediastinal  and  peri- 
cardiac lymphatics  ;  6,  6', 
deep  mediastinal  lymphatics 
passing  into  the  right  lym- 
phatic trunk  and  thoracic 
duct;  7,  the  bronchial  and 
pulmonary  ;  8,  oesophageal ; 
9,  posterior  diaphragmatic 
lymphatics;  10,  the  inter- 
costal and  neighbouring  lym- 
phatics of  the  posterior  tho- 
racic wall  represented  chiefly 
on  the  left  side  ;  at  10',  is 
shown  a  small  collateral 
trunk  formed  by  the  union 
of  a  number  of  the  inter- 
costal lymphatics;  11,  11, 
short  trunks  leading  into  tlie 
lower  part  of  the  thoracic 
duct,  which  receive  some  of 
the  principal  lymphatic  ves- 
sels from  the  spleen,  stomach, 
and  pancreas,  and  the  lacteal 
vessels  from  the  intestines  ; 
12,  12',  several  main  vessels, 
■which  collect  the  principal 


lymphatic  vessels  of  the  right  and  left  lumbar  plexus,  and  carry  their  contents  mto  the 
thoracic  duct  ;  13,  13',  right  and  left  renal  lymphatics  ;  14,  14',  right  and  lef  Bpermatic 
lymphatics  ;  15,  aortic  plexus,  which  farther  down  is  continuous  with  the  sacral  10  10  , 
right  and  left  lumbar  plexus,  which  receive  the  principal  lymphatics  of  the  pelvis  and 
lower  limbs. 
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whilst  others,  passing  through  some  scattered  lymphatic  glands,  are  guided 
by  the  hepatic  ai"tery  to  the  right  side  of  the  aorta,  where  they  terminate  in 
the  thoracic  duct.  Branches  also  proceed  to  the  concave  border  of  the 
stomach,  between  the  folds  of  the  small  omentum,  to  join  with  the  coronary 
lymphatics  of  that  organ. 

The  clcej)  hjmjjhatics  of  the  liver  accompany  the  branches  of  the  portal 
vein  in  the  substance  of  the  organ,  and  pass  out  of  the  gland  by  the 
transverse  fissure.  After  communicating  with  the  superficial  lymphatics, 
and  also  Avith  those  of  the  stomach,  they  pass  backwards,  and  join,  at  the 
side  of  the  cojliac  artery,  with  one  of  the  large  lacteal  trunks  previously  to 
its  termination  in  the  thoracic  duct. 

The  lymphatics  of  the  kidney  likewise  consist  of  a  deep  and  a  superficial 
set.  Those  placed  upon  the  surface  of  the  organ  are  comparatively  small  ; 
they  unite  at  the  hilus  of  the  kidney  with  other  lymphatics  from  the 
substjuice  of  the  gland,  and  then  pass  inwards  to  the  lumbar  lymphatic 
glands.  The  lymphatics  of  the  suprarenal  caj'Sides  unite  with  those  of  the 
kidney.  The  lymphatic  vessels  of  the  ureter  are  numerous  ;  they  com- 
mimicate  with  those  of  the  kidney  and  bladder,  and  for  the  most  part 
terminate  by  union  with  the  former. 

The  lymphatics  of  the  bladder,  taking  rise  from  the  entire  surface  of  that 
organ,  enter  the  glands  placed  near  the  internal  iliac  artery  ;  with  these 
are  associated  the  lymphatics  of  the  prostate  gland  and  vesiculse  seminales. 

The  lymphatics  of  the  uterus,  in  the  unimpregnated  state  of  the  organ, 
are  small,  but  during  the  period  of  gestation  they  are  greatly  enlarged. 
Issuing  from  the  entire  substance  of  the  uterus,  the  greater  number  descend, 
together  with  those  of  the  vagina,  and  pass  backwards  to  enter  the  glands 
upon  the  internal  iliac  artery  ;  thus  following  the  course  of  the  principal 
uterine  blood-vessels.  Others,  proceeding  from  the  upper  end  of  the  uterus, 
run  outwards  in  the  folds  of  peritoneum  which  constitiite  the  broad  liga- 
ments, and  join  the  lymphatics  derived  from  the  ovaries  and  Fallopian 
tubes.  The  conjoined  vessels  then  ascend  with  the  ovarian  arteries,  near 
the  origin  of  which  they  terminate  in  the  lymphatic  vessels  and  glands 
placed  on  the  aorta  and  vena  cava. 

The  lymphatics  of  the  testicle  commence  in  the  substance  of  the  gland, 
and  upon  the  surface  of  the  tunica  vaginalis.  Collected  into  several  large 
trunks,  they  ascend  with  the  other  constituents  of  the  spermatic  cord,  pass 
through  the  inguinal  canal,  and  accompany  the  spermatic  vessels  in  the 
abdomen  to  enter  some  of  the  lumbar  lymphatic  glands. 


LYMPHATICS  OF  THE  THORAX. 

The  lymphatic  glands  of  the  thorax.~Along  the  course  of  the  internal 
mammary  blood-vessels  there  are  placed  six  or  seven  small  glands,  through 
which  pass  the  lymphatics  situated  behind  the  sternum  ;  they  may  be  named 
the  anterior  mediastinal  glands.  Between  the  intercostal  muscles  and  in 
the  line  of  the  heads  of  the  ribs  on  the  side  of  the  spine  is  a  set  of  glands 
named  intercostal,  y^hidh  receive  the  lymphatics  from  the  thoracic  parietes 
and  the  pleura  ;  their  efi-erent  ducts  communicate  freely  with  each  other 
and  open  into  the  thoracic  duct.  Three  or  four  cardiac  lymphatic  glands 
he  behind  the  aortic  arch,  and  one  before  it  :  and  another  cluster,  varying 
from  fifteen  to  twenty  in  number,  is  found  along  the  oesophagus,  con- 
stituting the  <r.sophageal  glands.  The  bronchial  glands,  ten  or  twelve  in 
number,  are  of  much  larger  size  than  those  just  mentioned.     The  largest  of 
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them  occupy  the  interval  between  the  right  and  left  bronchi  at  their  diver- 
gence,  whilst  others  of  smaller  size  rest  upon  the  first  divisions  of  these  tubes 


Fig.  33G. 


Fig.  336.— LvMPnATic  Ves- 
sels OF  THE  Head  and 
Neck  and  op  tue  Upper 
Part  op  tbe  Trunk 
(from  Mascagni).  a 

The  chest  and  pericar- 
dium have  been  opened  on 
the  left  side,  and  the  left 
mamma  detached  and 
thrown  outwards  over  the 
left  arm,  so  as  to  expose  a 
great  part  of  its  deep 
surface. 

The  principal  lymphatic 
vesselsand  glands  are  shown 
on  the  side  of  the  head  and 
face,  and  in  the  neck,  axilla, 
and  mediastinum.  Between 
the  left  internal  jugular  vein 
and  the  common  carotid 
artery,  the  upper  ascending 
part  of  the  thoracic  duct 
marked  1,  and  above  this, 
and  descending  to  2,  the 
arch  and  last  part  of  the 
duct.  The  termination  of 
the  upper  lymphatics  of 
the  diaphragm  in  the  me- 
diastinal glands,  as  well  as 
the  cardiac  and  the  deep 
mammary  lymphatics,  are 
also  shown. 


for  a  short  distance 
■within  the  lungs.  In 
early  infaTicy  their  co- 
lour is  pale  red  ;  towards  puberty,  we  find  them  verging  to  grey,  and  studded 
■with  dark  spots  ;  at  a  more  advanced  age  they  are  frequently  very  dark  or 
almost  black.  In  chronic  diseases  of  the  lungs  they  sometimes  become  en- 
larged and  indurated,  so  as  to  press  on  the  air- tubes  and  cause  much  irrita- 
tion.    They  are  frequently  the  seat  of  tuberculous  deposits. 

The  deep  lym2)hatics  of  the  thoracic  v>alls  are  divisible  into  two  sets,  the 
sternal  and  the  intercostal.  The  sternal  lymphatics,  commencing  in  the 
muscles  of  the  abdomen,  ascend  between  the  fibres  of  the  diaphragm  at  its 
attachment  to  the  ensiform  cartilage,  and  continue  upwards  behind  the 
costal  cartilages  to  terminate  on  the  left  side  ia  the  thoracic  duct,  and  on 
the  opposite  side  in  the  right  lymphatic  duct.  They  receive  branches  from 
the  upper  surface  of  the  liver,  and  small  branches  from  the  anterior  parts  of 
the  intercostal  spaces.  The  intercostal  lymphatics,  passing  backwards  in 
each  intercostal  space,  receive,  as  they  approach  the  spine,  branches 
coming  forward  through  the  intertransverse  space,  and  enter  the  intercostal 
glands,  through  the  efi"erent  ducts  of  which  their  contents  are  poured  on 
both  sides  of  the  body  into  the  thoracic  duct. 

The  hjmphatics  of  the  hinrjs,  like  those  of  other  organs,  form  two  sets, 
one  being  superficial,  the  other  deep-seated.  Those  at  the  surface  run 
beneath  the  pleura,  "where  they  form  a  network  by  their  anastomoses, 
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Their  number  is  considerable,  but  they  are  sometimes  difficult  of  demon- 
stration. The  deep  lymphatics  run  with  the  pulmonary  blood-vessels. 
Both  superhcial  and  deep  lymphatics  converge  to  the  root  of  the  lung,  and 
terminate  in  the  bronchial  glands.  From  these,  two  or  three  trunks  issue, 
which  ascend  along  the  trachea  to  the  root  of  the  neck,  and  terminate  on 
the  left  side  in  the  thoracic  duct,  and  on  the  right  m  one  of  the  right 
lymphatic  trunks. 

The  lymphatics  of  the  heart  follow  the  coronary  arteries  and  veins  from 
the  apex  of  the  organ  towards  the  base,  where  they  communicate  with  each 
other,  and  those  of  each  side  are  gathered  into  one  trunk.  The  trunk  from 
the  right  side,  running  upwards  over  the  aortic  arch  between  the  innominate 
and  left  carotid  arteries  to  reach  the  trachea,  ascends  to  the  root  of  the 
neck,  and  terminates  in  the  right  lymphatic  duct.  The  vessel  from  the  left 
side,  proceeding  along  the  pulmonary  artery  to  its  bifurcation,  passes  tlirough 
some  lymphatic  glands  behind  the  arch  of  the  aorta,  and  ascends  by  the 
trachea  to  terminate  in  the  thoracic  duct. 

The  lymphatics  of  the  cesop/iaj/its,  unlike  those  of  the  rest  of  the  alimentary 
canal  form  only  one  layer,  which  lies  internal  to  the  muscular  coat.  They 
are  connected  with  glands  in  the  neighbourhood,  and  after  having  com- 
municated by  anastomoses  with  the  lymphatics  of  the  lungs,  at  and  near 
the  roots  of  those  organs,  they  terminate  in  the  thoracic  duct. 

The  lymphatics  of  the  thymus  gland  are  numerous.  According  to  Astley 
Cooper,  two  large  vessels  proceed  downwards  from  them  on  each  cornu,  and 
terminate  in  the  jugular  veins  by  one  or  more  orifices  on  each  side. 
(Anatomy  of  the  Thymus  Gland,  p.  14.) 

LYMPHATICS  OF  THE  UPPER  LIMB, 

AND  OF  THE  BREAST  AND  BACK. 

In  the  upper  limb,  as  in  the  lower,  the  lymphatics  are  arranged  in  a  deep 
and  a  superficial  set.  These  two  sets  of  vessels,  together  with  the  lymphatics 
of  the  surface  of  the  greater  part  of  the  back,  and  those  of  the  mamma  and 
pectoral  muscles,  converge  to  the  axillary  glands. 

The  lymphatic  glands  found  in  the  upper  limb  below  the  axilla  are  neither 
large  nor  numerous  ;  a  few,  however,  are  found  in  the  course  of  the  brachial 
artery  and  even  of  the  arteries  of  the  forearm  ;  and  one  or  more  small  glands 
are  found  in  connection  with  the  superficial  lymphatics,  lying  near  the 
commencement  of  the  basilic  vein,  a  little  above  and  in  front  of  the  inner 
condyle  of  the  humerus. 

The  axillary  glands  are  generally  ten  or  twelve  in  number  :  they  vary, 
however,  considerably  in  their  number  as  well  as  in  their  size,  in  different  in- 
dividuals ;  they  are  mostly  placed  along  the  axillary  vessels,  the  lower  member 
of  this  group  receiving  the  lymphatics  which  ascend  from  the  limb  ;  but  a  few 
lie  further  forwards  on  the  serratus  magnus  near  the  external  mammary 
artery,  and  beneath  the  pectoral  muscles,  and  receive  lymphatics  from  the 
mamma  and  muscular  walls  of  the  chest  ;  while  others  incline  downwards  at 
the  posterior  boundary  of  the  axilla,  and  are  joined  by  the  lymphatics  from 
the  back. 

From  the  glands  of  the  axilla  efferent  lymphatic  vessels,  fewer  in  number, 
but  larger  in  size  than  the  afferent  vessels,  proceed  along  tlie  course  of  the 
subclavian  artery,  in  some  parts  twining  round  it.  From  the  top  of  the 
thorax  they  ascend  into  the  neck,  close  to  the  subclavian  vein,  and  terminate, 
— those  of  the  left  side  in  the  thoracic  duct,  those  of  the  right  side 
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in  the  right  lymphatic  duct. 
Sometimes  they  uuite  ;^into  a 
single  trunk,  which  opens  sepa- 
rately into  the  subclavian  vein 
near  its  termination. 

The  superjicial  lymphatics  of 
the  upper  limb  are  usually  de- 
scribed as  forming  two  divisions 
corresponding  with  the  super- 
ficial veins  on  the  outer  and 
inner  borders.  On  the  front  of 
the  limb  they  arise  from  an  arch 
formed  in  the  palm  of  the  hand 
by  the  union  of  two  lymphatic 
vessels  proceediug  from  each 
finger :  becoming  more  numerous 
in  the  forearm,  they  are  found 
thicklj'  set  over  its  surface, 
whence  they  pass  upwards  in 
the  arm  ;   the  inner  vessels  in 

Fig.  337. — Superficial  Lymphatics  of  the  Breast, 
Shoulder,  and  Upper  Limb,  from  before  (after 
Mascagni).  -| 

The  lymphatics  are  represented  as  lying  upon  the  deep 
fascia. 

a,  placed  on  the  clavicle,  points  to  the  external  jugular 
vein ;  b,  the  cephalic  vein ;  c,  the  basilic  vein ;  d,  radial ; 
e,  median  ;  /,  ulnar  vein  ;  g,  great  pectoral  muscle  cut 
and  turned  outwards  ;  1,  superficial  lymphatic  vessels 
and  glands  above  the  clavicle  ;  2,  those  below  the  clavicle 
partly  joining  the  foregoing  and  dipping  into  the  triangular 
space  between  the  deltoid  and  pectoral  muscles  ;  3, 
lymphatic  vessels  and  glands  placed  along  the  border  of 
the  axilla  and  great  pectoral  muscle  ;  4,  upper  brachial 
and  axillary  glands  and  vessels ;  5,  two  small  glands 
placed  near  the  bend  of  the  arm  ;  6,  radial  lymphatic 
vessels  ;  7,  ulnar  lymphatic  vessels  ;  8,  8,  palmar  arch 
of  lymphatics  ;  9,  9',  outer  and  inner  sets  of  vessels. 

a  straight  direction,  and  those  placed  further 
outwards  inclining  gradually  inwards  over  the 
biceps  muscle  to  reach  the  axillary  glands.  On 
the  back  of  the  hand  also  two  lymphatics  pro- 
ceed from  each  finger  ;  and  from  the  cojiious 
network  on  the  back  of  the  forearm  vessels  pass 
over  the  radial  margin,  and  in  greater  number 
round  the  ulnar  side  to  join  those  in  front.  The 
lymphatic  vessels  in  the  front  of  the  upper  arm 
are  also  joined  by  others  which  pass  round  each 
side  of  the  limb,  and  by  some  which  descend 
from  the  shoulder. 

The  deep  lymphatics  of  the  upper  limb  corre- 
spond with  the  deep  blood-vessels.  In  the  fore- 
arm they  consist,  therefore,  of  three  sets,  as- 
sociated respectively  with  the  radial,  ulnar, 
and    interosseous    arteries    and    veins.  In 
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their  progress  upwards  some  of  tliem  have  communication  near  the  wrist 
Nvith  the°superacial  lymphatics  ;  and  some  of  them  enter  the  glands  wiiich 
lie  by  the  side  of  the  brachial  artery  near  the  bend  of  the  elbow.  They 
all  terminate  in  the  glands  of  the  axilla. 

The  lymphatics  of  the,  chest  consist  of  branches  running  uoder  cover  of 
the  pectoral  muscles,  and  of  subcutaneous  vessels,  twigs  of  which  are  con- 
tinued from  those  on  the  abdominal  wall  as  low  as  the  umbilicus,  decus- 
sating with  the  vessels  which  converge  to  the  inguinal  glands. 

The  superficial  lymphatics  of  the  back  converge  to  the  axillary  glands  from 
its  various  regions;  from  the  neck  over  the  surface  of  the  trapezius 
muscle,  from  the  posterior  part  of  the  deltoid,  and  from  the  whole  dorsal 
and  lumbar  regions  as  low  as  the  crest  of  the  ilium  ;  the  branches  decus- 
sating inferiorly  with  vessels  leading  to  the  inguinal  glands,  and  likewise 
crossing  the  middle  line  so  as  to  decussate  with  branches  of  the  opposite 
side.     (Mascagni,  Tab.  xxii.,  xxiii.,  xxiv.) 


LYMPHATICS  OF  THE  HEAD  AND  NECK. 

The  lym2)hatic  glands  found  on  diflFerent  parts  of  the  head  and  face  are 
few  and  small :  those  in  the  7ieclc,  on  the  contrary,  are  comparatively  very 
large  and  numerous. 

The  cervical  glands  are  placed  chiefly  on  the  sides  of  the  neck,  and 
are  divisible  into  a  superficial  and  a  deep  series.  Of  the  former,  some  lie 
beneath  the  base  of  the  inferior  maxillary  bone  ;  the  remainder,  arranged 
along  the  course  of  the  external  jugular  vein,  exist  in  greatest  number  in 
the  angular  space  behind  the  lower  end  of  the  sterno-mastoid  muscle,  where 
that  vein  enters  the  subclavian  vein  :  at  this  point  the  cervical  glands 
approach  and  are  connected  with  the  glands  of  the  axilla.  The  deep 
cervical  glands  are  placed  along  the  carotid  artery  and  internal  jugular 
vein,  extending  downwards  on  the  sheath  of  those  vessels  as  far  as  the 
thorax. 

The  lymphatic  vessels  of  the  cranium  and  face,  together  with  those  of 
the  tongue,  pharynx,  larynx  and  other  parts  of  the  neck,  pass  into  the 
cervical  glands.  From  these  efferent  vessels  issue,  which  progressively 
dinMnish  in  number  during  their  descent,  and  unite  into  two  trunks,  of 
which  the  left  one  ends  in  the  thoracic  duct,  and  the  other  in  the  right 
lymphatic  duct  :  sometimes,  however,  the  main  cervical  lymphatic  vessel 
terminates  separately  at  the  junction  of  the  subclavian  and  internal  jugular 
veins,  or  in  one  of  those  veins  immediately  before  their  union. 

The  lymphatics  of  the  cranium  consist  of  a  temporal  and  an  occipital  set. 
Those  of  the  temporal  set  descend  in  front  of  the  ear,  some  of  the  vessels 
passing  through  one  or  two  glands  usually  found  near  the  zygoma,  whilst 
others  enter  those  situated  on  the  parotid  gland  ;  all  of  them  termuaate  in  the 
lymphatic  glands  of  the  neck.  The  cranial  lymphatics  of  the  occipital  set, 
accompanying  the  occipital  artery,  descend  to  the  glands  situated  behind 
the  ear,  on  and  near  the  mastoid  process  of  the  temporal  bone,  and 
hence  join  the  superficial  lymphatics  of  the  neck. 

Within  the  cranial  cavity,  lymphatic  vessels  have  been  demonstrated  in 
the  pia  mater  and  in  the  arachnoid  membrane.  None  have  been  traced 
in  the  dura  mater,  nor  have  they  been  shown  in  the  substance  of  the  brain. 
The  trunks  of  those  derived  from  the  pia  mater  pass  out  of  the  skull  with 
the  veins. 

The  superficial  lymphatics  of  the  face,  more  numerous  than  those  of  the 
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Fig.  338. — Principal  Lymphatic  Vesskls  and  Glands  of  the  Head  and  Nkok 
ON  THE  Right  Side  (after  Bourgery  in  part).  | 

The  inner  half  of  the  right  clavicle  and  part  of  the  sternum  hare  been  removed  so  as 
to  expose  the  arch  of  the  aorta,  and  the  innominate  artery  and  veins  :  the  posterior  belly 
of  the  omo-hyoid  muscle  is  removed  ;  and  the  stei-no-raastoid,  sterno-hyoid,  and  sterno- 
thyroid muscles,  and  a  part  of  the  external  jugular  vein  have  been  divided  so  as  to  expose 
the  deeper  parts. 

o,  the  right  innominate  vein  at  the  place  where  it  is  joined  by  the  principal  lymphatic 
trunk  ;  a',  the  left  vein  ;  h,  arch  of  the  aorta ;  c,  common  cai'otid  artery  ;  d,  thyroid 
gland  crossed  by  the  anterior  jugular  vein  ;  e,  cut  surface  of  the  sternum  ;  /,  outer  part 
of  the  clavicle  ;  1,  submaxillary  lymphatic  vessels  ;  1',  sublingual  ;  2,  temporal,  facial  and 
parotid  ;  3,  occipital  and  posterior  auricular  ;  4,  deep  or  descending  cervical  close  to  the 
great  vessels  ;  5,  transverse  cervical ;  6,  deep  pectoral  and  axillary  ;  7,  on  the  vena  cava 
superior,  some  of  the  right  mediastinal  ;  8,  on  the  innominate  artery,  some  of  the  deeper 
cardiac  and  bronchial ;  to  these  last  are  seen  descending  some  of  the  lymphatics  from  the 
thyroid  gland  and  lower  part  of  the  neck. 

base  of  the  lower  maxillary  bone  ;  a  few  of  them  in  their  descent  pass 
through  some  glands  situated  on  the  buccinator  muscle.  The  dee^)  lym- 
phatics of  the  /ace,  derived  from  those  of  the  temporal  fossa  and  the 
cavities  of  the  nose,  mouth,  and  orbit,  proceed  outwards  in  the  course 
of  the  internal  maxillary  vein  ;  and,  having  reached  the  angle  of  the  jaw, 
they  enter  the  glands  in  that  neighbourhood. 
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Section  V.— NEUEOLOGY. 

Under  the  name  of  Neurology,  it  is  intended  to  include  the  descriptive 
anatomy  of  the  various  organs  forming  parts  of  the  nervous  system. 

The  nervous  system  consists  of  two  sets  of  parts,  one  of  which  is  central, 
the  other  peripheral.  To  the  first  set  belong  the  brain  and  spinal  cord, 
forming  together  the  cerebro-spinal  axis,  and  the  ganglia  :  to  the  second 
set  belong  all  the  nerves  distributed  throughout  the  body  ;  and  along  with 
these  maybe  included  the  organs  of  the  senses,  or  those  organs  which 
contain  the  terminations  of  the  several  nerves  of  special  sensation,  in  con- 
nection with  certain  apparatus  or  modifications  of  structure  related  to  the 
reception  of  impresBions  by  each  of  these  nerves. 

Among  the  peripheral  nerves  it  is  necessary  also  to  distinguish  the  cere- 
bro-spinal and  the  sympathetic  or  ganglionic,  which,  though  intimately 
connected  with  each  other  at  some  places,  are  yet  so  difi'erent  in  their 
structure  and  mode  of  distribution  as  to  require  separate  description. 

The  description  of  these  several  parts  of  the  nervous  system  will  be 
brought  under  the  following  four  sub-sections,  viz.  1.  The  cerebro-spinal 
axis  ;  2.  The  cerebro-spinal  nerves  and  the  ganglia  connected  with  them  ; 
3.  The  sympathetic  nerves  and  their  ganglia  ;  4,  The  organs  of  the 
senses. 


I.— THE  CEREBRO-SPINAL  AXIS. 

The  cerebrospinal  axis  is  contained  partly  within  the  cavity  of  the  cra- 
nium, and  partly  within  the  vertebral  canal ;  it  is  symmetrical  in  its  form 
and  structure  throughout,  consisting  of  a  right  and  a  left  half,  separated 
to  a  certain  extent  by  longitudinal  fissures,  and  presenting  in  their  plane  of 
union  various  portions  of  white  and  grey  nervous  substance,  which  cross 
from  one  side  to  another,  and  form  the  commissures  of  the  brain  and  spinal 
cord. 

Enclosed  within  the  skull  and  the  vertebral  canal,  the  cerebro-spinal  axis 
is  protected  by  the  bony  walls  of  those  two  cavities  ;  it  is  also  surrounded 
by  three  membranes,  which  afi'ord  it  additional  protection  and  support,  and 
are  subservient  to  its  nutrition.  These  envelopes,  which  will  be  described 
hereafter,  are,  1st,  a  dense  fibrous  membrane  named  the  dura  mater,  which 
is  placed  most  superficially  ;  2nd,  a  serous  membrane  called  the  arach- 
noid ;  and,  3rd,  deepest  of  all,  a  highly  vascular  membrane  named  the  pia 
mater. 

The  cerebro-spinal  axis  is  divided  by  anatomists  into  the  encephalon  or 
enlarged  upper  mass  placed  within  the  cranium,  and  the  spinal  cord  con- 
tained within  the  vertebral  canal. 

These  two  parts  have  a  relation,  one  to  the  other,  very  similar  to  that 
which  subsists  between  the  cranium  and  vertebral  column:  thus,  they  are 
continuous  structures  ;  at  the  time  of  their  first  formation  in  the  foetus  they 
are  nearly  similar;  the  earliest  developed  distraction  consists  in  the  enlarge- 
ment of  the  encephalon  ;  and,  moreover,  the  spinal  cord,  like  tha  vertebral 
column,  continues  to  present  a  structure  nearly  uniform  throughout  its 
extent,  while  the  encephalon  becomes  gradually  more  and  more  complicated, 
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Fig.  339, 


till  at  last  it  is  difficult  to  trace  the 
serial  relation  of  its  constituent 
parts,  or  any  coiTespoudence  with, 
the  structure  of  the  cord. 

Fig.  339. — View  op  the  Cerebro- 
spinal Axis  op  the  Nkevous  System 
(after  Bourgery),  ^ 

The  right  half  of  the  cranium  and 
trunk  of  the  body  has  been  removed  by 
a  vertical  section  ;  the  membranes  of  the 
brain  and  spinal  marrow  have  also  been 
removed,  and  the  roots  and  first  part  of 
the  fifth  and  ninth  cranial,  and  of  all 
the  spinal  nerves  of  the  right  side,  have 
been  dissected  out  and  laid  separately  on 
the  wall  of  the  skull  and  on  the  several 
vertebraa  opposite  to  the  place  of  their 
natural  exit  from  the  cranio-spinal 
cavity. 

F,  T,  0,  lateral  surface  of  the 
cerebrum  ;  C,  cerebellum ;  P,  pons 
Varolii ;  m  o,  medulla  oblongata  ;  m  s, 
upper  and  lower  extremities  of  the  spinal 
marrow ;  c  e,  on  the  last  lumbar  ver- 
tebra, marks  the  cauda  equina  ;  v,  the 
three  principal  branches  of  the  nervus 
trigeminus  or  fifth  pair;  Ci,  the  sub- 
occipital or  first  cervical  nerve  ;  above 
this  is  the  ninth  pair;  Cviii,  the  eighth 
or  lowest  cervical  nerve  ;  Di,  the  first 
dorsal  nerve ;  D  xii,  the  last  or  twelfth ; 
Li,  the  first  lumbar  nerve  ;  Lv,  the  last 
or  fifth  ;  S  i,  the  first  sacral  nerve  ;  S  v, 
the  fifth;  Coi,  the  coccygeal  nerve  ;  s, 
the  left  sacral  plexus. 

A.— THE  SPINAL  CORD. 

The  spinal  cord,  or  spinal  marroto 
(medulla  spinalis),  is  that  part  of 
the  cerebro-spinal  axis  which  is 
situated  within  the  vertebral  canal. 
It  extends  from  the  margin  of  the 
foramen  magnum  of  the  occipital 
bone  to  about  the  lower  part  of  the 
body  of  the  first  lumbar  vertebra. 
It  is  continued  into  the  medulla 
oblongata  above,  and  ends  below 
in  a  slender  filament,  the  filum 
termvnale  or  central  ligament  of  the 
spinal  cord. 

Invested  closely  by  a  proper 
membrane  (the  pia  mater),  the 
cord  is  enclosed  within  a  sheath 
(theca)  considerably  longer  and 
larger  than  itself,  which  is  formed 
by  the  dura  mater,  and  which  is 
separated  from  the  walls  of  the 
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canal  by  numerous  vascular  ploxtises,  and 
much  loose  areolar  tissue.  The  interval 
between  the  iuvcsliiig  menibruue  and  the 
sheath  of  the  cord  is  occupied  by  a  serous 
membrane  (tlie  arachnoid),  and  the  space 
between  the  latter  membrane  and  the  pia 
mater  is  occupied  by  a  fluid  called  the 
cerebro-spiual  fluid.  Within  this  space 
the  cord  is  kept  in  position  by  proper 
ligaments,  which  fix  it  at  diflerent  points 
to  its  sheath,  and  by  the  roots  of  the 
spinal  nerves, — an  anterior  and  a  pos- 
terior root  belonging  to  each, — which 
pass  across  the  space  from  the  surface  of 
the  cord  towards  the  intervertebral  fora- 
mina. From  its  lower  part,  where  they 
are  closely  crowded  together,  the  roots 
of  the  lumbar  and  sacral  nerves  descend 
nearly  vertically  to  reacli  the  lumbar 
intervertebral  and  the  sacral  foramina, 
and  form  a  large  bundle  or  lash  of 
nervous  cords  named  the  cauda  equina, 
which  occupies  the  vertebral  canal  below 
the  termiuation  of  the  cord. 

Fig.  340. — Anteuior  and  Posterior  Views  op 
THE  Medulla  Oblongata  and  Spinal  Cord 
WITH  Sections.  4 

The  cord  has  been  divested  of  its  membranes 
and  the  roots  of  the  nerves.  A,  presents  an 
anterior,  B,  a  posterior  view,  showing  the  upper 
or  brachial,  and  the  lower  or  crural  enlargements. 
In  these  figures  the  filiform  prolongation,  repre- 
sented separately  in  B',  has  been  removed  ;  C, 
shows  a  transverse  section  through  the  middle  of 
the  medulla  oblongata  ;  D,  a  section  through  the 
middle  of  the  cervical  enlargement  of  the  spinal 
cord  ;  E,  through  the  upper  region  of  the  dorsal 
part ;  F,  through  its  lower ;  Gt,  through  the 
middle  of  the  lumbar  enlargement ;  and  H,  near 
the  lower  end  of  its  tapering  extremity. 

1,  anterior  pyramids ;  1',  their  decussation  ; 
2,  olivary  bodies  ;  3,  restiform  bodies ;  4,  pos- 
terior surface  of  the  medulla  oblongata  ;  4',  cala- 
mus scriptorius  ;  5,  posterior  pyramids ;  6,  pos- 
terior lateral  columns  passing  up  into  the  restiform 
bodies  ;  7,  7,  anterior  median  fissure  extending 
through  the  whole  length  of  the  spinal  cord  ;  8,  8, 
anterior  lateral  groove  ;  9,  9,  posterior  median 
fissure  ;  10,  10,  posterior  lateral  groove  ;  x  , 
lower  end  of  the  tapering  extremity  of  the  cord ; 
X ,  X ,  in  B',  the  filiform  prolongation  of  the 
cord  and  its  pia-matral  covering. 

Although  the  cord  usually  ends  near  the 
lower  border  of  the  body  of  the  first  lumbar 
vertebra,  it  sometimes  terminates  a  little  above 
or  below  that  point,  as  opposite  to  the  last 
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dorsal  or  to  the  secoiKl  lumbar  vertebra.  Tl.e  i.osition  of  the  lower  end  of  the  cord  also 
vanes  aeeord.ng  to  the  state  of  curvature  of  the  vertebral  column,  t  tL  ?  In 
orwards  0  .vh.ch,  as  in  the  stooping  posture,  the  end  of  the  cord  i  shglX  Sed 
In   he  feetu..  at  an  early  period,  the  cord  occupies  the  whole  length  of  the  veSrai 
canal ;  but  after  the  third  month,  the  canal  and  the  roots  of  the  lumbar  and   ac  a 

vlw        I"  n  "^'/f  'T^''  «°  ""^t  at  birth  the  lower  nd 

reaches  only  to  the  third  lumbar  vertebra. 

Fig.  341. 

A  B  f! 


Fig.  341.- — Posterior  View  of  the  Medulla  Oblongata  and  op  the  Spinal  Cord 
WITH  ITS  Coverings  and  the  Roots  op  the  Nerves  (from  Sappey).  i 

The  theca  or  dura-raatral  sheath  has  been  opened  by  a  median  incision  along  the  whole 
length,  and  is  stretched  out  to  each  side.  On  the  left  side,  in  the  upper  and  middle  parts 
(A  and  B),  the  posterior  roots  of  the  nerves  have  been  removed  so  as  to  expose  tbe  liga- 
mentum  denticulatum  ;  and  along  the  right  side  the  roots  are  shown  passing  out  through 
the  dura  mater.  The  roman  numbers  indicate  the  different  nerves  in  the  cervical,  dorsal, 
lumbar,  and  sacral  regions ;  9,  several  of  the  pointed  processes  of  the  ligamentum  den- 
ticulatum ;  10,  origin  of  several  posterior  roots  ;  11,  posterior  median  fissure  ;  12, 
ganglia  of  the  spinal  nerves;  13,  part  of  the  anterior  roots  seen  on  the  left  side  ;  14, 
the  united  nerve;  15,  tapering  lower  end  of  the  spinal  cord  ;  16,  filum  terminale  ;  17, 
Cauda  equina. 

The  length  of  the  spinal  cord  is  from  fifteen  to  eighteen  inches  ;  and  it 
varies  in  diameter  iu  dilferent  situations.  Its  general  form  is  cylindrical, 
somewhat  flattened  before  and  behind.  It  presents  two  enlargements — an 
upper  or  cervical,  and  a  lower  or  lumbar.  The  cervical  enlargement  is  of 
greater  size  and  extent  than  the  lower.  It  reaches  from  tlie  third  cervical 
to  the  first  dorsal  vertebra  ;  its  greatest  diameter  is  from  side  to  side. 
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Tho  lower  or  lumbar  enlargemeut  is  situated  nearly  opposite  the  last  dorsal 
vertebra  ;  its  antero-posterior  diameter  is  nearly  equal  to  the  transverse. 
Below  this  enlargement,  tho  cord  tapers  in 
the  form  of  a  cone,  from  the  apex  of  which  Fig.  342. 

the  small  filiform  prolongation  is  continued 
downwards  for  some  distance  within  the 
sheath. 


Fig.  342. — Lower  Paut  of  the  Spinal  Cord  witu 
THE  Cauda  Equina  and  Sheath,  seen  from  be- 

UINS.  i 

The  sheath  has  been  opened  from  hehind  and 
stretched  towards  the  sides  ;  on  the  left  side  all  the 
roots  of  the  nerves  are  entire  ;  on  the  right  side  Loth 
roots  of  the  first  and  second  lumbar  nerves  are  entire, 
wliile  the  rest  have  been  divided  close  to  the  jDlace  of 
their  passage  through  the  sheath.  The  bones  of  the 
coccyx  are  sketched  in  their  natural  relative  position 
to  show  the  place  of  the  filum  terminale  and  the  lowest 
nerves. 

a,  placed  on  the  posterior  median  fissure  at  the 
middle  of  the  lumbar  enlargement  of  the  cord  ;  6,  &, 
the  terminal  filament,  drawn  slightly  aside  by  a  hook 
at  its  middle,  and  descending  within  the  dura-matral 
sheath ;  V,  its  prolongation  beyond  the  sheath 
and  upon  the  back  of  the  coccygeal  bones ;  c,  the 
dura-matral  sheath ;  d,  double  foramina  for  the 
separate  passage  of  the  anterior  and  posterior  roots  of 
each  of  the  nerves ;  e,  pointed  ends  of  several  pro- 
cesses of  the  ligamentum  denticulatum ;  Dx,  and 
Dxii,  the  tenth  and  twelfth  dorsal  nerves  ;  Li,  and 
Lv,  the  first  and  fifth  lumbar  nerves  ;  Si,  and  Sv, 
the  first  and  fifth  sacral  nerves  ;  Ci,  the  coccygeal 
nerve. 

The  cervical  and  lumbar  enlargements  have  an 
evident  relation  to  the  large  size  of  the  nerves 
which  supply  the  upper  and  lower  limbs,  and  which 
are  connected  with  those  regions  of  the  cord, — in 
accordance  with  the  general  fact  observed  in  the 
animal  kingdom,  that  near  the  origin  of  large  nerves, 
the  central  nervous  substance  is  accumulated  in 
larger  proportion.  At  the  commencement  of  its 
development  in  the  embryo,  the  spinal  cord  is  des- 
titute of  these  enlargements,  which,  in  their  first 
appearance  and  subsequent  progress,  correspond 
with  the  growth  of  the  limbs. 

Sometimes  the  cord  presents  one  or  two  bulbs  or 
swellings  towards  its  lower  end. 

According  to  Foville,  the  lumbar  enlargement  is 
chiefly  due  to  an  increase  in  bulk  of  the  anterior 
region  of  the  cord.  (Traitg  compl.  de  I'Anat.,  &c., 
du  Syst.  Nerv.  Cerebro-Spinal.  Paris,  1844.  Part 
I.,  p.  138.) 


Si4 
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The  terminal  filament  (filum  terminale,  cen- 
tral ligament)  descends  in  the  middle  line 
amongst   the  nerves  composing   the  cauda 
equina  and,  becoming  blended  with  the  lower  end  of  the  sheath  opposite  to 
the  first  or  second  sacral  vertebra,  passes  ou  to  be  fixed  to  the  lower  end  of 
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the  sacral  canal,  or  to  the  base  of  the  coccyx.  Internally,  it  is  a  prolongation 
for  about  half  its  length  of  some  of  the  nervous  elements  of  the  cord  • 
externally,  it  consists  of  a  tube  of  the  pia  mater  or  innermost  membrane^ 
which,  being  attached  at  its  lower  end  to  the  dura  mater  and  vertebral 
canal,  keeps  pace  with  the  latter  in  its  growth,  whUst  the  cord  relatively 
shortens.  It  is  distinguished  by  its  silvery  hue  from  the  nerves  amid  which 
it  lies.     Small  blood-vessels  may  sometimes  be  seen  upon  it, 

Fissures. — When  removed  from  the  vertebral  canal,  and  divested  of  its 
membranes,  the  spinal  cord  is  seen  to  be  marked  by  longitudinal  fissti/res. 
Of  these,  two,  which  are  the  most  obvious,  run  along  the  middle  line, 
one  in  front  and  the  other  behind,  and  are  named  the  anterior  and  pos- 
terior r)iedian  fissures. 

The  anterior  median  fissure  is  more  distinct  than  the  posterior,  and  pene- 
trates about  one-third  of  the  thickness  of  the  cord,  its  depth  increasing 
towards  the  lower  end.  It  contains  a  fold  or  lamelliform  process  of  the 
pia  mater,  and  also  many  blood-vessels,  which  are  thus  conducted  to  the 
centre  of  the  cord.  At  the  bottom  of  this  fissure  is  seen  the  transverse 
connecting  portion  of  white  substance  named  the  anterior  white  commissure. 

The  posterior  median  fissure  is  less  marked  in  the  greater'  part  of  its 
extent  than  the  anterior,  but  becomes  more  evident  towards  the  upper  part 
of  the  cord.  In  a  certain  sense  it  is  no  real  fissure,  except  at  the  lumbar 
enlargement  and  in  the  cervical  region,  in  both  of  which  places  a  superficial 
fissure  is  distinctly  visible  ;  for  although  the  lateral  halves  of  the  posterior 
part  of  the  cord  are  quite  separate,  there  is  no  distinct  reflection  of  the  pia 
mater  between  them,  but  rather  a  septum  of  connective  tissue  and  blood- 
vessels which  passes  in  nearly  to  the  centre  of  the  cord,  as  far  as  the  posterio't 
grey  commissure. 

Besides  these  tM'o  median  fissures,  two  lateral  furrows  or  fissures  have 
been  described  on  each  side  of  the  cord,  corresponding  with  the  lines  of 
attachment  of  the  anterior  and  posterior  roots  of  the  spinal  nerves. 

The  posterior  lateral  fissure  is  a  superficial  depression  along  the  line  of 
attachment  of  the  posterior  roots,  and  is  at  the  edge  of  the  plane  in  which 
these  roots  pass  inwards  to  the  grey  matter  of  the  cord. 

The  anterior  lateral  fissure,  which  is  often  described  in  the  line  of  the 
origin,  of  the  anterior  roots  of  the  nerves,  has  no  real  existence  as  a  groove. 
The  fibres  of  these  roots  in  fact,  unlike  the  posterior,  do  not  dip  into  the 
spinal  cord  in  one  narrow  line,  but  spread  over  a  space  of  some  breadth. 
The  grey  substance  of  the  cord,  however,  approaches  the  surface  somewhat 
in  the  vicinity  of  the  place  where  the  anterior  roots  enter  :  and  this,  together 
with  a  slight  depression,  produces  the  appearance  which  has  been  described 
as  a  groove.  Thus,  each  lateral  half  of  the  cord  is  divided  by  the  posterior 
lateral  fissure  into  a  posterior  and  an  antero-lateral  column  ;  and  although 
we  cannot  trace  an  anterior  lateral  fissure,  this  antero-lateral  portion  of  the 
cord  may,  for  the  convenience  of  description,  be  considered  as  subdivided 
into  an  anterior  and  a  lateral  column  by  the  internal  grey  matter. 

On  the  posterior  surface  of  the  cord,  and  most  evidently  in  the  upper 
part,  there  are  two  slightly-marked  longitudinal  furrows  situated  one  on 
each  side,  close  to  the  posterior  median  fissure,  and  marking  off,  at  least  in 
the  cervical  region,  a  slender  tract,  named  the  posterior  median  column. 
Between  the  anterior  and  posterior  roots  of  the  spinal  nerves,  on  each  side, 
the  cord  is  convex,  and  sometimes  presents  a  longitudinal  mark  correspond- 
ing with  the  line  of  attachment  of  the  ligamentum  denticulatum. 

Foville  states,  that  in  a  new-born  child  there  is  a  narrow  accessory  bundle  of  white 
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xnatter.  which  runs  along  the  surface  of  the  lateral  column,  and  is  ^^PJ^^^^J  (j^jj 
bv  a  streak  of  trrcvish  substance.  According  to  the  same  authority,  tl  is  nairow  tract 
L'lar^es  atotf  and  may  be  traced  upwards  along  the  side  of  the  medulla  oblongata 
into  the  cerebellum.    (Op.  cit.  p.  285.) 


Fig.      343. — Different  ^'S- 


Views  op  a  Portion  op 
THE  Spinal  Cokd  from 
THE  Cervical  Region 
WITH  THE  Roots  of 
THE  Nerves.  Slightly 
enlarged. 

In  A,  the  anterior  sur- 
face of  the  specimen  is 
shown,  the  anterior  nerve- 
root  of  the  right  side 
being  divided  ;  in  B,  a 
view  of  the  right  side  is 
given  ;  in  C,  the  upper 
surface  is  shown  ;  in  D, 
the  nerve  roots  and  gan- 
glion are  shown  from 
below.  1,  the  anterior 
median  fissure ;  2,  pos- 
terior median  fissure ;  3, 
anterior  lateral  depres- 
sion, over  which  the  ante- 
rior nerve-roots  are  seen 
to  spread ;  4,  posterior 
lateral  groove,  into  which 
the  posterior  roots  are 
seen  to  sink;  5,  anterior 


roots  passingthe  ganglion ; 
5',  in  A,  the  anterior  root 

divided ;  6,  the  posterior  roots,  the  fibres  of  Avhich  pass  into  the  ganglion,  6'  ;  7,  the 
united  or  compound  nerve  ;  7',  the  posterior  primary  branch  seen  in  A  and  D,  to  be 
derived  in  part  from  the  anterior  and  in  part  from  the  posterior  root. 

Internal  structure  of  the  spinal  cord. — The  spinal  cord  consists  of  wHte 
and  grey  nervous  substance.  The  white  matter,  forming  by  far  the  larger 
portion  of  the  cord,  is  situated  externally,  whilst  the  grey  matter  is  dis- 
posed in  the  interior. 

The  grey  matter,  as  seen  in  a  transverse  section  of  any  part  of  the  cord, 
presents  two  crescent-shaped  masses,  placed  one  in  each  lateral  half,  with  their 
convexities  towards  one  another,  and  joined  across  the  middle  by  a  transverse 
portion,  the  grey  or  posterior  commissure  of  the  cord.  Each  of  these  grey 
crescents  has  an  anterior  and  a  posterior  cornu  or  horn.  The  posterior, 
generally  longer  and  narrower,  approaches  the  posterior  lateral  fissure  :  the 
anterior,  shorter  and  thicker,  extends  towards  the  place  of  attachment  of  the 
anterior  roots  of  the  nerves.  In  front  of  it  a  layer  of  white  substance 
separates  it  from  the  bottom  of  the  anterior  median  fissure,  this  is  named 
the  anterior  vjhite  commissure. 

Another  white  layer,  very  thin  and  indistinct,  was  formerly  described  as  lying 
behind  the  grey  commissure ;  but  in  the  present  state  of  our  knowledge  it  seems 
sufficient  to  describe  one  white  commissure,  and  one  grey  commissure  behind  it. 

At  the  back  part  or  tip  of  the  posterior  horn,  which  is  somewhat  en- 
larged, the  grey  matter  has  a  peculiar  semi-transparent  aspect,  whence  it 
was  named  by  Rolando  siibstantia  cinerea  gelatinosa  :  the  remaining  and 

I.  I.  2 
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greater  part  of  the  grey  matter,  which  resembles  that  most  generally  preva- 
lent, was  named  by  Rolando  the  subatantia  spongiosa. 

The  grey  cornua  vary  in  form  in  different  parts  of  the  cord  :  thus  Ihoy 
are  long  and  slender  in  the  cervical  portion,  still  more  slender  in  the  dor- 
sal, and  shorter  and  wider  in  the  lumbar  region.  The  grey  matter  appears 
in  a  series  of  sections  to  be,  relatively  to  the  white,  more  abundant  in  tbe 
lumbar  region  of  the  cord,  less  so  in  the  cervical  region,  and  least  so  in  the 
dorsal.  The  actual  amount,  however,  of  white  matter  is  greatest  in  the 
neck.  Towards  the  lower  end  of  the  cord,  the  double  crescentic  form 
gradually  disappears,  and  the  grey  matter  is  collected  into  a  central  mass, 
Avhich  is  indented  at  the  sides.  At  its  extreme  point,  according  to  Bemak 
and  Valentin,  the  cord  consists  of  grey  matter  only. 


Fig.  344. 


Fig.   344. — Sections  op   the  Spinal 
Cord  in  Different  Parts. 

These  views  are  talc  en  pai-tly  from 
Stilling's  plates  and  partly  from  nature. 

A,  is  a  section  through  the  middle  of  the 
ceiTical  enlargement,  at  the  root  of  the 
sixth  cervical  nerve ;  B,  through,  the  mid- 
dle of  the  dorsal  cylindrical  portion  ;  C, 
through  the  middle  of  the  lumbar  enlarge- 
ment ;  D,  in  the  conical  diminishing  part 
of  the  cord  ;  E,  farther  down  at  the 
origin  of  the  fifth  sacral  nerve  ;  F,  at 
that  of  the  coccygeal  nerve  ;  G,  is  a  sec- 
tion of  the  part  where  the  conus  medul- 
laris  begins  to  pass  into  the  filum  termi- 
nale  ;  and  H,  at  the  lower  part  of  this 
or  in  the  commencement  of  the  filum 
terminale. 

A,  B,  and  C,  are  fully  twice  the  natural 
size  ;  D,  E,  and  F,  about  three  times  ; 
and  Gr  and  H,  about  six  times.  In  A, 
and  C,  a,  marks  the  anterior  root-fibres 
of  the  nerves  ;  and  p,  the  posterior  root- 
fibres  as  they  enter  the  spinal  cord.  In 
D,  E,  and  F,  the  great  diminution  of  the 
white  substance  in  proportion  to  the  grey 
is  seen ;  in  G,  the  peculiar  form  of  the 
central  canal  and  medullary  substance 
covering  it ;  and  in  H,  the  open  con- 
dition of  the  central  canal  posteriorly. 

In  all  the  figures  the  position  is  the 
same,  viz.,  the  anterior  part  placed  down- 
wards. 


Central  canal— Extending  through  the  whole  length  of  the  spmal  cord 
in  the  substance  of  the  grey  commissure,  there  is  a  minute  central  canal 
which  in  prepared  transverse  sections  of  the  cord  is  barely  visible,  as  a 
sneck  with  the  naked  eye.  Superiorly,  it  is  continued  into  and  opens  out 
at  the  calamus  scriptorius  of  the  fourth  ventricle;  and  mferiorly,  it  xs 
prolonged  into  the  filum  terminale.  It  is  lined  with  a  layer  of  cylmdrical 
ciliated  ceUs  or  epitheUum.  THs  canal,  though  minute  is  an  object_  of 
co^s  derable  interest  as  a  typical  part  of  the  structure  of  the  cord  it  being 
the  permanent  remains  of  the  cavity  of  the  cylinder  formed  by  the  spina 
cord  aHhe  earliest  period  of  its  development.    It  is  more  distmctly  seen 
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in  fishes,  reptileB  and  birds  than  in  mammals  In  the  yo-S  1"--  snl^ect 
i?  is  always  present,  but,  according  to  the  observation  of  Lockhart  Clarke 
and  KoUiker,  it  sometimes  disappears  m  the  adult. 

Minute  simclureofthe  Spinal  Cord.-The  substance  of  the  Rpinal  cord  consists  of  a 

ofthcvhite  substance  arc  in  greatest  P^-^ V°"f>  LTcrJcs     The  bngi- 

bcing  those  contained  in  the  commissure,  and  m  the  .  the  lateral 

tn.linal  fibres  arc  finer  in  the  posterior  columns  and  posterior  parts  of  the  aterai 
ofumns  tl  an  in  otier  parts,  and  the  deepest  fibres  arc  smaller  than  those  P  jced  -or« 
B^Scial  v  (K-miikcr.)  The  fibres  of  the  grey  substance  are  for  the  most  part  not 
Ze  th^  one  half  the  diameter  of  their  continuations  in  the  -1"^;/-^;^-;!; 
the  nerve-roots,  but  among  them  there  are  a  feNV  of  larger  s.ze.  They  are  verj 
various  in  their  direction,  and,  in  great  part  at  least,  are  connected  with  the  roots  of 
the  nerves. 

Fi?.  345.— Transvkese  Pig-  34^5. 

Section  of  half  thm 
Spinal  Marrow  in 
THE  Lumbar.  En- 
largement, f 

This  is  a  semidia- 
grammatic  representa- 
tion taken  from  a  pre- 
pared specimen,  and 
founded  in  part  on  the 
statements  of  Lockhart 
Clarke,  and  of  Kolliker. 

1,  anterior  median 
fissure ;  2,  posterior 
median  fissure  ;  3,  cen- 
tral canal  lined  with 
epithelium ;  4,  posterior 
commissure  ;  5,  anterior 
commissure ;  6,  posterior 
column  ;  7,  lateral  co- 
lumn ;  8,  anterior  co- 
lumn ;  (at  each  of  these 
places  and  throughout 
the  white  substance  the 
trabecular  prolongations 
of  the  pia  mater  are 
shown ;)  9,  posterior 
roots  of  the  spinal  nerve 
entering  in  one  principal 
bundle ;  10,  anterior 
roots  entering  in  four 
spreading  bundles  of 
fibres  ;  a,  a,  caput  cornu 
posterioris    with  large 

and  small  cells,  and  above  them  the  gelatinous  substance  ;  6,  in  the  cervix  cornu,  decus- 
sating fibres  from  the  nerve  roots  and  posterior  commissure  ;  c,  posterior  vesicular 
columns  (of  Clarke)  ;  d,  fibres  running  transversely  from  the  posterior  commissure  into 
the  lateral  columns  :  near  d,  the  lateral  group  of  cells ;  c,  c,  fibres  of  the  anterior 
roots  entering  the  anterior  cornu,  and  passing  through  among  the  radiating  cells,  but 
not  joining  their  processes  ;  c*,  fibres  from  the  anterior  roots  which  decussate  in  the 
anterior  column  ;  e",  external  fibres  from  the  roots  running  round  the  outside  of  the 
anterior  grey  cornu  towards  the  lateral  columns  ;  /,  fibres  h-om  the  posterior  commissure 
and  from  the  posterior  cornu  running  towards  the  anterior.  Three  groups  of  cells  arc  seen 
in  the  anterior  column  ;  of  these  the  anterior  are  external  and  internal,  the  posterior  are 
chiefly  external  or  lateral. 
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The  nerve  celk  of  the  grey  matter  are  of  two  kinds.  Firstly,  there  are  very  larire 
branehed  eells,  from  ,  to  ,u  of  an  iaeh  in  si.e,  co.itaiaing'^  nuclei  ami  p  gmeT 
secondly,  there  are  smaller  cells,  rant'ine  from  -X  to  i  of  nn  inr-h  hnf  ti,  P'Sment, 
are  from  ,.x,  to  ^fe  of  an  inch  in  size.  ^  ^  '''' 

The  snialler  cells  occur  scattered  throughout  the  whole  of  the  grey  matter  •  the 
arger  cells,  on  he  contrary  are  collected  into  groups.  In  the  posferior  eornua  e 
large  cells  iu-e  almost  entirely  collected  into  a  compact  group,  the  poster ior  vesicular 
colnmn  of  Clavke  (the  core  of  Stilling),  which  occupies  the  inner  hdf  of  the  cervix  of 
the  posterior  cornu.  This  vesicular  column  is  in  intimate  connection  with  the 
posterior  roots  of  the  nerves;  it  may  be  traced  continuously  from  near  the  lower 
extremity  of  the  spinal  cord  to  the  middle  of  the  cervical  enlargement,  where  it 
terminates ;  and  it  increases  in  size  in  both  the  lumbar  and  cervical  enlargements 
In  the  anterior  cornu  the  large  cells  occur  in  greater  number  than  in  the  posterior 
cornu,  and  are  of  somewhat  greater  size ;  and  they  are  principally  placed  at  its  forepart, 
and  arranged  in  an  inner  and  an  outer  group.  There  is  likewise  described  by  Clarke  a 
small  group  of  cells,  collected  in  a  tractus  intermedio-lateralis,  and  forming  a  projection 
of  the  grey  matter  opposite  the  junction  of  the  anterior  and  posterior  cornua.  This 
lateral  vesicular  column  extends  from  the  upper  part  of  the  lumbar  to  jthe  lower  part 
of  the  cervical  enlargement ;  and  it  may  be  said  to  reappear  at  the  upper  extremity 
of  the  cord,  where  it  is  traversed  by  the  roots  of  the  spinal  accessory  nerve,  and  is 
continued  up  into  the  medulla  oblongata. 


Fig.  346. 


Fig.  346. — A  Small  Portion  of  a  Transverse  Section  op  the  Human  Spinal  Cord 

NEAR  THE  SURFAOE  AT  THE  ENTRANCE  OF  A  BuNDLE  OF  THE  ANTERIOR  RoOTS.  222 

1 

This  figure,  which  is  somewhat  diagrammatic,  is  intended  to  show  the  relation  to  the 
nervous  substance  of  the  pia-matral  sheath  of  the  cord  and  the  processes  of  connective 
tissue  prolonged  from  it  between  the  longitudinal  and  other  nerve  fibres,  a,  a,  the 
primitive  filaments  of  a  bundle  of  the  anterior  roots,  the  medullary  sheaths  not  repre- 
sented ;  6,  h,  transverse  sections  of  part  of  the  anterior  columns  of  the  cord,  in  which  the 
dark  points  are  the  primitive  filaments,  and  the  circles  represent  the  neurilemma!  tube 
enclosing  the  medullary  substance  :  in  these  parts  the  connective  tissue  is  not  represented, 
and  many  of  the  smallest  nerve  fibres  have  also,  for  the  sake  of  clearness,  been  omitted  ; 
c,  the  pia-matral  covering  of  the  cord  ;  d,  one  of  the  compartments  of  the  anterior 
column  enclosed  by  septa  of  connective  tissue  prolonged  from  the  pia-mater,  and  exhibit- 
ing the  fine  frame-work  of  connective  tissue  extending  through  among  the  nerve  fibres, 
which  last  have  been  omitted  :  there  are  also  indicated  among  the  trabeculaa  minute 
nuclei  of  connective  tissue. 


Gonneclive  tissue  takes  part  in  the  structure  of  the  cord  to  a  very  considerable 
extent.  It  forms  a  complete  covering  surrounding  the  white  substance.  In  the 
inner  margin  also  of  the  posterior  columns,  one  on  each  side  of  the  posterior  fissure, 
two  wedge-shaped  bands  (the  hands  of  GoU)  have  been  distinguished,  in  which  the 
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*•  „  ia  rpmirkablv  abundant,  and  the  nerve  fibres  particularly  small, 
connective  ^^^o*^.  J-^^L  a  rctical^n  (processus  reticularis),  in  .vhiclx  the 
The  connective  ^^^^^^^^  J''""'  '  J',''jJed  In  the  grey  matter  the  connective  tissue  is 
lonptudiua  nerve  fibres  a^^^^^^^^  neighbourhood  of  the  central 

still  more  abuucUnt  mo  c  espe  1^^^^^^  .vhether  the  smallest  cells  already 

canal    Much  discussion  ha   take.i  l  ,„^^ective  tissue.    In  the  present 

described  ^/^/f  l^J^^^^^^^^^^^^  °[  tJe  development  of  nervous  elements,  it  might  be 
imperfect  state  'J*^^^^^     J  ^^i^s  point ;  but  it  may  be  stated  that,  independent 

^hernSLt  fi^Jr^^^^^^^^^        the  -iculJ,  and  also  c^^  containing 

1  ,i:„;,i;n<r  niicloi  in  the  neighbourhood  of  the  central  canal, 
numerous  and  dividing  nucici  m  wii-  "v  j,  „f  +i,„  cninnl  nprvea 

foots  Tn  a  straight  line,  and  the  anterior  roots  scattered  somewhat  irregularly  upon 

'^Tre^fiLf  ot  thel;«^e,.-or  roots  may  be  traced  into  and  through  the  anterior 
cornua  They  then  diverge  in  different  directions.  The  innermost  fibres,  after 
pa  through  among  the  cells  in  the  inner  group  of  the  antenor  cornu,  cross  in  the 
Ee  comSure  to  the  anterior  column  of  the  opposite  side.  Many  fibres  pass 
LckwardT  hi  the  substance  of  the  anterior  cornu  where  some  of  theni  would  appear 
to  ft  m  conuec^^^  with  fibres  proceeding  from  other  parts  of  the  cord,  and  others  to 
spread  obliquely  upwards  and  downwards;  while  those  which  are  most  external, 
passing  through  the  outer  group  of  cells,  reach  the  lateral  column. 

Fig.  347.— A  Small  Por-  ^^S- 
TioN  OF  A  Transverse 
Section  of  the  Spinal 
Cord    at    the  place 

■WHERE  two  bundles  OP 

the    Fibres    op  the 

Anterior   Roots  pass 

into    the    grey  sob- 

stanoe.  — 
1 

This  figure  may  be  looked 
upon  as  representing  the 
inner  ends  of  the  anterior 
roots  of  the  nerves,  of 
which  the  outer  part  is 
shown  in  fig.  348.  a,  a, 
the  two  bundles  of  fibres  of 
the  anterior  root  passing 
between  the  compartments 
of  longitudinal  fibres  of  tiie 
cord ;  6,  h,  these  fibi-es 
nmning  backwards  through 
the  grey  substance  towards 
the  posterior  cornua  ;  c,  d, 

those  spreading  in  the  anterior  cornua  on  the  one  side  towards  the  anterior  commissure, 
and  on  the  other  round  the  outer  side  of  the  anterior  cornu  ;  d,  d,  portions  of  three  com- 
partments of  the  anterior  columns  in  which  the  longitudinal  fibres  of  the  cord  are  shown 
in  transverse  section  ;  e,  e,  large  radiated  and  nucleated  cells  in  the  grey  substance  of  the 
anterior  cornu— some  with  three,  others  with  a  greater  number  of  processes  emanating 
from  them  :  no  direct  communication  is  shown  between  these  processes  and  the  nerve 
fibres  of  the  roots. 


The  fibres  of  the  posterior  roots  on  reaching  the  posterior  cornu  diverge  from  each 
other  in  a  curved  manner,  so  as  to  form  in  great  part  the  substantia  gelatinosa.  In 
front  of  this  there  may  be  seen,  cut  across  in  transverse  sections,  a  group  of  these 
fibres  which  turn  longitudinally  upwards  and  downwards,  and  afterwards  pass 
forwards,  in  part  at  least,  to  the  anterior  cornu,  and  in  part  to  reach  by  the  posterior 
commissure  the  posterior  and  lateral  columns  of  the  opposite  side.  Other  fibres  of 
the  posterior  roots  pass  forwards  at  once  through  the  grey  substance  to  the  anterior 
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and  lateral  columns.  Another  set  of  fibres  slant  principally  upwards  but  some 
downwards,  in  tiie  posterior  columns,  and,  inlerlacing  with  each  otlier,  most  probably 
enter  the  grey  matter  at  different  heights.  Some  are  lost  to  view  in  the  posterior 
white  columns,  and  it  is  uncertain  whether  or  not  they  immediately  ascend  throuirh 
these  columns  to  the  brain. 

Much  discussion  has  taken  place  as  to  the  course  of  the  fibres  in  the  cord,  and  their 
ultimate  destination.  It  is  easily  understood  that  by  the  examination  of  sections  difficult 
to  prepare,  limited  in  extent,  liable  to  undergo  changes  in  the  preparation,  and  giving 
views  confined  each  to  little  more  than  a  thin  lamina,  it  is  scarcely  to  be  expected  that 
the  full  history  of  many  tortuous  fibres  can  be  accurately  ascertained.  Thus  it  remains 
still  undecided  whether  any  of  the  fibres  of  the  nerve-roots  pass  up  all  the  way  to 
the  brain.  Volkmann  concluded  that  none  of  them  reached  the  brain,  arguing  from 
measurements  of  the  size  of  the  cord  in  diff'erent  regions,  that  the  cord  could  not 
contain  in  its  upper  regions  all  those  nerve-fibres  which  were  traceable  to  it  in  the 
lower.  Kolliker  pointed  out  the  fallacy  of  this  conclusion  in  so  far  as  Volkmann 
had  not  made  proper  allowance  for  the  diminished  size  of  the  fibres  as  they  ascend  in 
the  cord ;  but  although  Volkmann's  argument  was  thereby  invalidated,  it  appears 
impossible  to  prove  by  microscopic  observations  that  fibres  of  nerve-roots  traced  into 
the  grey  matter,  and  observed  to  emerge  into  the  white  matter,  do  not  again  re-enter 
the  grey,  and  terminate  there.  (Lockhart  Clarke,  Phil.  Trans.,  1851,  1853,  1859; 
Stilling,  Neue  Unters.  u.  d.  Bau  des  Klickenmarks,  1856,  1857;  Lenhossec,  Neue 
Unters.  u.  d.  Bau  d.  cent.  Nervensystems,  Vienna,  1855;  P.  Goll,  Beitrage  z.  feineren 
Bau  d.  Klickenmarks,  Zurich,  1860.  For  a  full  account  of  the  whole  subject,  see 
Kblliker's  Handbuch  der  Gewebelehre  des  Menschen,  4th  ed.,  1863). 

It  is  also  undetermined  in  what  relation  the  nerve-fibres  and  branched  or  multipolar 
cells  of  the  cord  stand  to  each  other.  Most  are  inclined  to  believe  that  the  radiating 
prolongations  of  the  cells  are  in  actual  continuity  with  the  axial  filaments  of  nerve  fibres, 
whether  proceeding  from  nerve-roots  or  from  different  parts  of  the  cord  itself;  and 
the  direct  observation  of  such  continuity  has  been  afiirmed  by  some,  as  by  Schroeder 
Van  der  Kolk.  But  it  is  still  considered  by  observers  who  have  given  most  careful 
attention  to  this  investigation  that,  although  such  continuity  may  be  regarded  as  of 
the  greatest  probability,  and  although  it  may  be  considered  as  proved  in  some  other 
parts  of  the  nervous  system,  especially  in  the  lower  animals,  the  actual  passage  of 
nerve-fibres  into  the  processes  of  nerve-cells  has  not  been  proved  as  the  result  of 
•  actual  observation  in  the  spinal  cord  of  man  or  of  mammals. 

Eesults  of  Experiments. — Seeing  the  imperfect  nature  of  the  knowledge' of  the 
minute  structure  of  the  spinal  cord  as  obtained  from  microscopic  observations,  it 
may  be  proper  to  give  here  a  short  account  of  the  more  important  results  of 
physiological  experiments  as  to  the  course  of  the  transmission  of  sensory  impressions 
and  motor  influences  through  it,  although  it  is  at  present  difficult  to  reconcile  them 
with  the  results  of  anatomical  research.  For  the  most  important  information  upon 
this  subject,  derived  from  vivisection,  science  is  indebted  to  the  researches  of  Brown- 
S6quard  and  Schiff. 

When  the  superior  or  dorsal  *  half  of  the  cord  is  divided  in  animals,  sensation  still 
continues  in  the  hind  limbs.  Sensation  likewise  continues  after  division  of  the 
inferior  half  of  the  cord,  and  even  after  the  superior  and  inferior  parts  of  the  cord 
have  been  divided  at  different  levels  in  such  a  manner  that  the  hinder  extremity  of 
the  cord  may  be  supposed  to  communicate  with  the  brain  by  means  of  the  central  grey 
matter  only.  But  sensation  is  abolished  by  piercing  the  interior  of  the  cord  with  an 
instrument,  and  so  moving  it  as  to  divide  as  much  as  possible  the  grey  matter  without 
injuring  the  white  matter.  Moreover,  section  of  the  cord  and  irritation  of  the  cut 
surfaces  produce  no  pain,  provided  that  the  plane  of  section  be  sufficiently  removed 
from  the  origins  of  nerves,  as  may  be  accomplished  in  the  cervical  region ;  but  in  the 
neighbourhood  of  nerve  roots  there  is  great  sensibility.  From  all  these  circumstances 
it  appears  probable  that  the  sensory  fibres,  viz.,  those  of  the  posterior  roots,  pass 
quickly  into  the  grey  substance,  and  that  the  grey  substance  conducts  sensory 
impressions  upwards.  Moreover,  the  circumstance  that  the  posterior  as  well  as  the 
anterior  surfaces  of  transverse  sections  made  near  the  nerve  roots  are  sensitive  seems 

*  The  student  is  reminded  that  "superior"  applied  to  animals  corresponds  to 
"posterior"  applied  to  the  human  subject. 
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to  bo  accounted  for  by  the  curving  of  the  nerve  roots,  both  toward  and  away  from  the 
brain,  liy  similar  experiments,  it  is  made  probable  that  motor  impressions  likewise 
travel  chiefly  in  the  grey  matter  of  the  cord. 

Section  of  one  lateral  half  of  the  cord  is  followed  by  loss  of  sensation  in  the  opposite 
hind  limb,  and  of  motion  in  the  limb  of  the  side  operated  on :  and  a  prolonged 
mesial  incision  produces  loss  of  sensation  in  both  hind  limbs,  without  paralysis 
of  motion.  But  in  the  medulla  oblongata,  before  the  decussation  of  the  anterior 
pyramids,  section  of  one  side  produces  loss  of  both  sensation  and  motion  on  the 
opposite  side.  Prom  these  circumstances  it  appears  probable  that  the  sensory  fibres, 
viz.,  those  of  the  posterior  roots,  decussate  in  the  commissure  of  the  spinal  cord, 
while  the  motor  fibres,  those  derived  from  the  anterior  roots,  cross  chiefly  at  the 
decussation  of  the  anterior  pyramids  of  the  medulla  oblongata.  (For  further  details, 
see  Brown-Scquard,  "  Central  Nervous  System,"  1860  ;  also,  for  a  succinct  account  of 
the  subject  and  for  bibliography,  J.  Boclard,  "Physiologic  Elumainc,"  4th  ed.,  1862  ; 
"  Carpenter's  Human  Physiology,  6th  edit.,  1865). 


B.— THE  EN^CEPHALON. 

The  encephalon  admits  of  being  conveniently  divided  into  the  medulla 
oblongata,  the  cerebellum  with  the  pons  Varolii,  and  the  cerebrum. 


Fig.  348. 


Pig.  348.— Plan  in  outline  of  the  ENOKPnALON,  as  seen  from  the  eight  side. 

The  parts  are  represented  separated  from  one  another  somewhat  more  than  natural 
80  as  to  show  their  connections.  A,  cerebrum  :  f.  n  h  it,-?  nnfoi-m,.  ii  ,  ""iiurai 
i.L„„  .  „  c  f  c!  I  •       T>       ^cicv/iuiu  ,j,  y,  /(,,  j^g  anterior  middle  and  noster  or 

lobes;  e,  fissure  of  Sylvius  ;  B,  cerebellum;  C,  pons  Varolii  -  D   mpr^,li»  ^Jii  . 
a,  peduncles  of  the  cerebrum;  h,  c,  d,  superior  middle  am  inf-  oblongata; 
cerebellum;  the  parts  marked 6,  c,  C.  fLm  the  Sis  e^^^^^^^^ 

The  mtAnlla  oblongata  is  the  part  continuous  with  the  spinal  cord  •  it 
rests  on  the  basUar  process  of  the  occipital  bone,  and  on  its  superior'  or 
spiral  cor"?''  ^        '  •continuous  with  the  central  canal  of  the 

mla?  Ztf7  T?'''  P^'*^"^''  ^''''^  of  cranium.  By  the 
mesial  part  of  its  anterior  and  inferior  surface,  it  forms  the  roof  of  a  space. 
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the  floor  of  which  is  the  grooved  posterior  surface  of  the  meduUa  oblongata 
and  which  is  named  the  fourth  ventricle  of  the  brain.    On  each  side  of 
this,  the  cerebellum  is  connected  with  the  medulla  oblongata  and  cerebrum 
and  also  receives  the  fibres  of  the  pons  Varolii,  which  is  a  commissure 
passing  beneath  and  between  the  fibres  which  extend  upwards  from  the 
medulla  oblongata,  so  as  to  unite  the  two  lobes  of  the  cerebellum. 

The  cerebrum  includes  all  the  remainmg  and  much  the  largest  part  of  the 
encephalon.  It  is  united  with  the  parts  below  by  a  comparatively  narrow 
and  constricted  portion  or  isthmus,  part  of  which,  forming  the  crura  cerebri, 
descends  into  the  pons  Varolii,  and  through  it  is  continued  into  the  me- 
dulla oblongata,  whilst  another  part  joins  the  cerebellum.  Situated  on  the 
fibres  which  extend  up  from  the  constricted  part,  are  a  series  of  eminences, 
named,  from  behind  forwards,  the  corpora  quadrigemina,  optic  thalami,  and 
corpora  striata  ;  and  springing  from  the  front  and  outer  side  of  the  corpora 
striata  are  the  large  convoluted  cerebral  hemispheres,  which  expand  from 
this  place  in  all  directions,  concealing  the  eminences  named,  and  occupying 
the  vault  of  the  cranium,  the  anterior  and  middle  cranial  fossae,  and  the 
superior  fossae  of  the  occipital  bone.  The  cerebral  hemispheres  are  united 
together  by  commissures  ;  by  means  of  which  there  is  enclosed  a  cavity, 
which  is  subdivided  into  various  ventricles,  viz.,  the  two  lateral,  the  third, 
and  the  fifth. 

THE  MEDULLA  OBLONGATA. 

The  medulla  oblongata  is  bounded  above  by  the  lower  border  of  the  pons 
Varolii,  whilst  it  is  continuous  below  with  the  spinal  cord,  on  a  level  with 
the  upper  border  of  the  atlas,  at  a  point  which  corresponds  with  the  lower 
extremity  of  the  anterior  pyramids,  to  be  presently  described.  It  inclines 
obliquely  downwards  and  backwards  ;  its  anterior  surface  rests  in  the 
basilar  groove,  whilst  its  posterior  surface  is  received  into  the  fossa 
named  the  vallecula,  between  the  hemispheres  of  the  cerebellum,  and 
there  forms  the  floor  of  the  fourth  ventricle.  To  its  sides  several  large 
nerves  are  attached. 

The  term  medulla  oblongata,  as  employed  by  Willis,  by  Vieussens,  and  by  those 
who  directly  followed  them,  included  the  crura  cerebri  and  pons  Varolii,  as  well  as 
that  part  between  the  pons  and  the  foramen  magnum,  to  which,  by  Haller  first,  and 
by  most  subsequent  writers,  this  term  has  been  restricted. 

It  is  of  a  pyramidal  form,  having  its  broad  extremity  directed  upwards  : 
it  is  expanded  laterally  at  its  upper  part  :  its  length  from  the  pons  to  the 
lower  extremity  of  the  pyramids  is  about  an  inch  and  a  quarter ;  its 
greatest  breadth  is  nearly  an  inch  ;  and  its  thickness,  from  before  back- 
wards, is  about  three  quarters  of  an  inch. 

The  anterior  and  posterior  mesial  fissures  which  partially  divide  the  spinal 
cord  are  continued  up  into  the  medulla  oblongata.  The  anterior  fissure 
terminates  immediately  below  the  pons  in  a  recess,  the  foramen  ccecum  of 
Vicq  d'Azyr  ;  the  posterior  fissure  is  continued  upwards  into  the  floor  of  the 
foiirth  ventricle,  where  it  opens  and  expands  in  a  superficial  furrow,  and  is 
gradually  lost. 

In  other  respects  an  entirely  difi"erent  arrangement  of  the  parts  prevails 
from  that  in  the  cord.  The  surface  of  each  half  of  the  medulla  presents 
four  eminences  or  columns,  which  are  met  with  in  the  following  order, 
from  before  backwards,  viz.  :  the  anterior  pyramids,  the  olivary  bodies,  the 
restiform  bodies,  and  the  posterior  pyramids. 
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The  anterior  injramids  are  two  bnadles  of  white  substaaco,  placed  one  ou 
either  side  of  the  anterior  fissure,  and  marked  off  from  the  oUvary  body 
externally  by  a  slight  depression.  They  become  broader  and  more  pro- 
minent as  they  ascend  towards  the  pons  Varolii.  At  their  upper  end  they 
are  constricted,  and  thus  enter  the  substance  of  the  pons,  through  which 
their  fibres  may  be  traced  into  the  peduncles  of  the  brain. 


Fig.  349. — View  o?  the  Anterior  Surpaoe  Fig-  319. 

OP    THE    Pons    Varolii    and  Medulla 
Oblongata. 

a,  a,  anterior  pyramids  ;  h,  their  decussation  ; 
c,  c,  olivary  bodies  ;  d,  d,  restiforni  bodies  ;  e, 
arciform  fibres ;  /,  fibres  described  by  Solly  as 
passing  from  the  anterior  column  of  the  cord  to 
the  cerebellum ;  g,  anterior  column  of  the 
spinal  cord  ;  A,  lateral  column  ;  p,  pons  Varolii ; 
i,  its  upper  fibres  ;  5,  5,  roots  of  the  fifth  pair 
of  nerves. 

In  the  lower  part,  a  portion  of  each 
pyramid,  arranged  in  several  bundles, 
which  interlace  with  the  corresponding 
bundles  of  the  other  pyramid,  passes 
downwards  across  the  fissure  to  the  oppo- 
site side.  This  decussation  of  the  pyra- 
mids is  not  complete,  but  affects  much 
the  greater  part  of  the  innermost  fibres. 
When  traced  from  below,  it  is  found 
that  the  whole  or  a  great  part  of  the 
decussating  fibres  come  forward  from  the 
deep  portion  of  the  lateral  columns  of  the  cord,  and  advance  to  the  surface 
between  the  diverging  anterior  columns,  which  are  thus  thrown  aside. 
(Rosenthal,  "  Beitrag  zur  Encephalotomie,"  1815.) 

The  outer  smaller  portion  of  each  pyramid  does  not  decussate  ;  it  consists 
of  fibres,  derived  from  the  anterior  column  of  the  cord  :  these  ascend,  and 
are  joined  by  the  decussating  portion  from  the  opposite  side.  Together 
they  form  a  prismatic  bundle  or  column  of  white  fibres,  which  extends 
deeply  into  the  substance  of  the  medulla,  and  is  triangular  in  a  cross 
section. 

The  anterior  pyramids  contain  no  grey  matter. 

The  olivary  bodies  are  two  prominent  oval  masses  placed  to  the  outer  side 
of  the  pyramids,  and  sunk  to  a  considerable  depth  in  the  substance  of  the 
medulla  oblongata,  appearing  on  its  surface  like  two  smooth  oval  eminences. 
They  do  not  reach  the  pons  Varolii  above,  being  separated  from  it  by  a 
deep  depression  ;  nor  do  they  extend  so  far  in  a  downward  direction  as  the 
pyramids,  being  considerably  shorter  than  those  bodies. 

The  olivary  bodies  consist  externally  of  white  substance,  of  which  the 
fibres  chiefly  run  longitudinally  ;  and  internally  of  a  grey  nucleus,  named 
corpus  dentatum  or  ciliare,  or  olivary  mocleus. 

The  olivary  nucleus  appears,  on  making  a  section,  whether  horizontal  or 
vertical,  through  the  middle,  to  present  the  form  of  a  zig-zag  line  of  a  light 

a  whitish  substance  within,  and  interrupted 
towards  the  centre  of  the  meduUa.  It  is  arranged  in  the  form  of  a  capsule, 
which  IS  open  at  its  upper  and  inner  part  and  has  its  sides  corrugated  or 
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plicated,  80  as  to  give  the  indented  appearance  to  a  section.  This  capsule  is, 
moreover,  snrronnded  with  white  matter  externally,  and  through  its  open  part 
white  fibres  pass  into  or  issue  from  its  interior,  and  connect  it  with  other 
parts  of  the  brain.  The  external  fibres  of  the  anterior  columns  of  the  cord, 
which  at  the  decussation  of  the  pyramids  are  thrown  outwards,  are  con- 
tinued upwards,  on  the  surface  of  the  medulla  oblongata,  and  then  pass 
partly  on  the  outside  of  and  partly  beneath  the  olivary  bodies — being  joined 
in  their  further  progress  by  the  fibres  issuing  from  the  olivary  nucleus.  To 
these  fibres  the  term  olivary  fasciculus  has  been  applied. 

Tho  restifoim  bodies,  placed  behind  and  to  the  outer  side  of  the  olivary 
bodies,  are  two  lateral  roiinded  eminences  or  columns  directly  continuous  with 
the  posterior,  and  with  part  of  the  antero-lateral  columns  of  the  cord  ;  they 
diverge  slightly  as  they  ascend,  and  thus  occasion  the  greater  width  of  the 

Fig.  350.  Fig.  350. — View  of  the  Posterioh  Surpaok  op 

THE  Pons  Varolii,  Corpora  Quadrigemina, 
AND  Medulla  Oblongata. 

The  peduncles  of  the  cerebellum  are  cut  short 
at  the  side,  a,  a,  the  upper  pair  of  corpora  quadri- 
geiuiua  ;  b,  b,  the  inferior  ;  /,  /,  superior  peduncles 
of  the  cerebellum ;  c,  eminence  connected  with 
the  nucleus  of  the  hypoglossal  nerve  ;  c,  that  of 
the  glosso-pharyngeal  nerve  ;  i,  that  of  the  vagus 
nerve  ;  d,  d,  restiform  bodies ;  p,  p,  posterior 
pyramids  ;  v,  v,  groove  in  the  middle  of  the  fourth 
ventiicle  ;  v,  calamus  scriptorius,  and  eminence 
connected  with  the  spinal  accessory  nerve  ;  7,  7, 
roots  of  the  auditory  nerves.  (See  also  Fig.  359, 
at  p.  525.) 

medulla  at  its  upper  part.  Each  of  them 
passes  into  the  corresponding  hemisphere 
of  the  cerebellum,  and  constitutes  its 
inferior  peduncle.  At  first  they  are  in 
contact  with  the  small  tracts  of  the 
medulla,  named  the  posterior  pyramids  ; 
but  higher  up  they  become  free  and  pro- 
minent, and  assist  in  forming  the  lateral  boundaries  of  the  fourth  ventricle. 
There  is  a  considerable  portion  of  grey  matter  in  their  interior. 

By  far  the  larger  portion  of  the  white  substance  of  the  restiform  body 
consists  of  longitudinal  fibres,  which  include  all  those  belonging  to  the 
posterior  column  of  tho  cord  except  the  fasciculus  gracilis,  some  derived 
from  the  lateral  column,  and  also  a  small  band  from  the  anterior  column. 
This  last-named  band  runs  obliquely  below  the  olivary  body  and,  as  was 
shown  by  Solly,  connects  the  anterior  column  with  the  cerebellum. 

The  part  of  the  posterior  column  of  the  cord  which  belongs  to  the  resti- 
form body  of  the  medulla,  is  named  fasciculus  cuneatus. 

The  posterior  pyramids  (fasciculi  graciles)  of  the  meduUa  oblongata,  the 
smallest  of  the  four  pairs  of  columns  into  which  it  is  divided,  are  situated 
one  on  either  side  of  the  posterior  median  fissure.  They  consist  entirely  of 
wHte  fibres,  and  are  continuous  with  the  posterior  slender  tracts  of  the 
cord  They  increase  in  size  as  they  ascend  till  they  reach  the  point  where 
the  medulla  opens  out  to  form  the  floor  of  the  fourth  ventricle  ;  and  there 
divereine  from  one  another,  they  have  the  appearance  of  tapering  and 
become  closely  applied  to  the  restiform  bodies.  Their  fibres  quit  these 
bodies,  however,  and  pass  up  to  the  cerebrum. 
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The  floor  of  the,  fourth  ventricle,  or  space  between  the  medulla  and  cere- 
bellum, is  formed  by  that  portion  of  the  back  of  the  medulla  oblongata 
which  is  situated  above  the  divergence  of  the  posterior  pyramids.  Upon  it, 
the  central  grey  matter  of  the  medulla  oblongata,  is,  as  it  were,  opened  out 
to  view.  It  is  marked  by  a  median  furrow,  ending  inferiorly  in  the  calamus 
scriptorms,  and  at  its  lower  end  is  a  tubular  recess,  passing  down  the  centre 
of  the  medulla  for  a  few  lines.  This,  which  has  been  sometimes  named  the 
ventricle  of  Arantius,  is  the  upper  expanded  portion  of  the  central  canal  of 
the  spinal  cord. 

In  the  upper  part  of  the  floor  of  the  fourth  ventricle  are  two  longitudinal 
eminences,  one  on  each  side  of  the  middle  furrow,  greyish  below,  but 
appearing  white  higher  up.  These  are  formed  by  two  bundles  of  white 
fibres,  mixed  with  much  grey  matter,  the  fasciculi  teretes  of  some  authors, 
les  faisceaiix  innominSs  of  Cruveilhier.  They  seem  to  be  derived  from  part 
of  the  lateral  columns  of  the  cord  ;  Cruveilhier  believes,  however,  that  they 
arise  from  the  grey  matter  at  the  lower  end  of  the  medulla  oblongata. 

Surmounting  the  free  inner  margin  of  the  restiform  body  and  posterior 
pyramid  is  a  thin  lamina,  the  ligula  (smaller  pons  of  Meckel)  occupying  the 
angle  between  the  cerebellum  and  the  restiform  body,  and  stretching  towards 
its  fellow  of  the  opposite  side.  It  derives  a  certain  interest  from  indicating 
how  the  cylinder,  which  is  closed  in  the  spinal  cord,  might  be  completed  in 
this  region  of  the  medulla  oblongata  by  the  union  of  the  opposite  margins. 

Crossing  the  grey  matter  in  the  floor  of  the  fourth  ventricle  several 
transverse  white  lines,  or  striae,  are  usually  observed,  passing  outwards  from 
the  median  fissure,  and  round  the  sides  of  the  restiform  bodies.  Some  of 
these  white  striae  form  part  of  the  roots  of  the  auditory  nerves,  a  few  run 
slantingly  upwards  and  outwards  on  the  floor  of  the  ventricle,  whilst  others 
again  embrace  the  corresponding  half  of  the  medulla  oblongata.  These 
transverse  lines  are  sometimes  wanting,  in  which  case  the  white  fibres  on 
which  they  depend  probably  exist  at  some  depth  below  the  surface. 


Santorini,  and  subsequently  Rolando,  described  a  set  of  superficial  white  fibres  on 
the  fore  part  and  sides  of  the  medulla  oblongata,  crossing  over  it  below  the  olivary 
bodies,  Jibrce  vel  processus  arciformes.  They  belong  to  a  system  of  white  fibres  which 
pass  transversely  or  horizontally  outwards,  and  are  probably  continuous  with  the 
septal  fibres  about  to  be  noticed.  Sometimes  the  greater  part  of  the  pyramidal  and 
olivary  bodies  is  covered  by  a  thin  stratum  of  these  transverse  fibres,  which  appear  to 
issue  from  the  anterior  median  fissure ;  but,  most  commonly,  these  superficial  fibres 
are  found  only  at  the  lower  extremity  of  the  olive,  as  the  arciform  fibres  aheady 
mentioned. 

Besides  the  superficial  transverse  fibres  now  referred  to,  the  medulla  oblongata 
presents  other  horizontal  fibres  in  its  interior,  some  of  them  disposed  in  a  mesial 
raphe  or  serdum,  and  numerous  others  proceeding  from  that  septum  transversely 
outwards.  Of  these  last,  the  majority,  passing  through  the  olivary  bodies,  and  in  part 
the  pyramids,  enter  the  corpus  dentatum  and  form  the  whole  of  its  white  substance  ■ 
and  these  fibres,  then  passing  radiately  through  the  grey  capsule,  turn  backwards  to 
the  fasciculus  cuneatus  and  lateralis,  those  of  them  which  pierce  the  anterior  wall  of 
the  capsule  arching  round  it  to  reach  their  destination.  Other  fibres  pass  behind  the 
ohvary  mto  the  restiform  bodies,  and  seem  to  terminate  in  the  grey  substance  of  the 
floor^of  the  fourth  ventricle.    (See  Kolliker's  Handbuch  der  Gewebelehre,  1863, 

A  small  band  of  fibres  is  represented  by  Reichcrt  as  passing  obliquely  downwards 
and  baclcwards  from  the  side  of  the  pons  Varolii,  descending  between  the  auditory 
and  facial  nerves  and  crossing  over  the  upper  end  of  the  posterior  pyramids.  He 
names  It  he  ala  ponUs  It  probably  is  part  of  the  ligula.  (Reichert,  Bau  des 
Menschl.  Gchirns,  part  Ist,  plate  I.,  1859).  o        v  ,    «.u  uo» 
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Course  of  fibres  from  the  spinal  cord  upwards  through  the  medulla 
oblongata. — Assuming,  for  convenience  of  description,  the  existence  of  three 
•white  columns  of  the  cord,  these  are  disposed  as  follows, 

1.  The  posterior  column,  with  the  exception  of  the  fasciculus  gracilis,  is 
distinguished  by  the  name  of  processus  cuneatus  and  enters  into  the  forma- 
tion of  the  restiform  body,  which  ascends  to  the  cerebellum.  The  fasciculus 
gracilis  ascends  to  the  cerebrum. 

2.  The  lateral  column  ascends  towards  the  base  of  the  olivary  body,  and 
is  disposed  of  in  three  ways  ;  (1,)  some  of  its  fibres  from  the  surface  and 
deep  part  join  the  restiform  body  and  proceed  with  it  to  the  cerebellum  ; 
(2,)  a  larger  number,  passing  obliquely  inwards,  then  come  forwards  between 
the  anterior  columns,  and  crossing  the  median  plane  appear  as  the  fibres  of 
decussation,  and  form  the  chief  part  of  the  opposite  anterior  pyramid  ;  (3,) 
the  remaining  fibres  pass  up  to  the  cerebrum,  as  the  fasciculi  teretes 

Fig.  351, — Diagrammatic  Kepresenta- 
TiON  OP  THE  Passage  of  the  Columns 
OF  THE  Medulla  Oblongata  upwards 

AND  DOWNWARDS, 

A,  the  specimen,  which  is  seen  from 
before,  includes  the  medulla  oblongata  and 
the  pons  Varolii,  with  a  small  portion  of 
the  spinal  marrow.  The  left  lateral  column 
(that  to  the  readers  right)  has  been  lifted 
out  of  its  place  to  the  side,  and  the  ante- 
rior and  posterior  columns  of  that  side 
remain  undisturbed  :  the  right  anterior  and 
posterior  columns  have  been  removed,  and 
the  lateral  column  remains  in  its  place. 
The  upper  part  of  the  right  pyramid  is 
removed.  The  transverse  fibres  of  the  pons 
Varolii  have  been  divided  in  circumscribed 
portions  to  different  depths  corresponding 
with  the  several  places  of  passage  of  the 
columns  of  the  medulla. 

P,  pons  Varolii,  part  of  the  anterior  sur- 
face, where  it  has  been  left  entire  ;  p,  the 
right  and  left  pyramids,  the  upper  part  of 
the  right  has  been  cut  away  ;  j^/,  the  fibres 
of  the  left  pyramid  as  they  ascend  through 
the  pons  exposed  by  the  removal  of  the 
superficial  transverse  fibres  ;  p",  placed  on 
the  deeper  transverse  fibres  of  the  pons  on  the  right  side,  close  below  the  divided  fibres 
of  the  pyramid  ;  a,  left  anterior  column  of  the  cord,  passing  upwards  into  the  undecus- 
fated  part  of  the  anterior  pyramid,  and  into  a',  the  olivary  column  ;  o,  olivary  body ; 
o',  the  continuation  of  the  olivary  column  ascending  deeply  through  the  pons,  and 
exposed  by  the  removal  of  a  small  portion  of  the  deeper  transverse  fibres  ;  o",  the 
same  fibres  divided  by  a  deeper  incision  on  the  right  side  ;  I,  the  right  lateral  column, 
passing  upwards  into  the  following  parts,  viz.,  x  ,  the  deeper  part  passing  by  decussation 
into  the  left  pyramid  ;  r,  the  part  passing  into  the  restiform  body  ;  ft,  the  part  ascending 
in  the  back  of  the  fourth  ventricle  as  fasciculus  teres  ;  to  the  outer  side  of  this  are  seen 
the  ascending  fibres  of  the  posterior  pyramid ;  I',  the  left  lateral  column  drawn  aside 
from  its  place  in  the  spinal  cord  ;  the  fasciculus  teres,  ft,  and  the  part  to  the  restiform 
body,  r  cut  short  ;  x  ,  the  deeper  part  passing  by  decussation  into  the  right  pyramid  ; 

the  part  of  the  restiform  body  derived  from  the  anterior  column  of  the  spinal  cord  ; 
PC  the  posterior  column  of  the  left  side  exposed  by  the  removal  of  the  lateral  column, 
and  shown  ascending  to  the  restiform  body  as  fasciculus  cuneatus,  fc :  on  the  right  side 
the  posterior  column  being  removed,  fc,  points  to  this  fasciculus  cuneatus  cut  short 

^^Brcxplanatory  outline  of  the  section  of  the  spinal  cord,  a,  anterior  columns  ;  p, 
posterior ;  I,  lateral. 


Fig.  361. 
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(faisceaux  inuomiii(?s),  appearing  ou  the  back  of  the  pons  Varohi,  in  the 
upper  part  of  the  floor  of  the  fourth  ventricle. 

3.  The  anterior  cokimns  having  reached  the  apex  of  the  anterior  pyramids, 
are  thrust  aside  from  their  median  position  by  the  decussating  fibres  derived 
from  the  hiteral  columns,  and  are  then  distributed  iu  three  divisions,  (1,)  A 
very  small  division,  ascends  obliquely  backwards  beneath  the  olive,  and  joins 
the  restiform  body  (Solly).  (2,)  Another  division  passes  directly  upwards, 
its  fibres  embracing  the  olivary  nucleus,  above  which  they  are  again  collected 
together,  and  are  joined  by  other  fibres  arising  from  the  nucleus,  so  as  to 
form  the  olivary  fasciculus  ;  this  ascends  through  the  pons  and  at  the  side 
of  the  cerebral  peduncle  under  the  name  of  the  fillet,  and  reaches  the  corpora 
quadrigemina  and  the  cerebral  hemispheres.  (3,)  The  remaining  division  of 
the  anterior  column  ascends  into  the  anterior  pyramid,  forming  its  outer 
part.  The  anterior  pyramids  therefore  are  composed  of  fibres  from  the 
lateral  and  anterior  columns,  and  are  continued  up  through  the  pons  into 
the  peduncles  of  the  cerebrum. 

It  is  to  be  remembered,  however,  that  the  separation  between .  these 
di8"erent  tracts  of  white  fibres  cannot  be  clearly  followed  out  through  the 
whole  structure  of  the  meduUa  oblongata,  but  that  they  are  more  or  less 
blended  with  one  another. 

Grmj  matter  of  the  medulla  oblongata  followed  upwards  from  the  cord. — The 
central  canal  of  the  spinal  cord,  together  with  the  grey  matter  which  surrounds  it, 
approaches  nearer  and  nearer  to  the  back  of  the  medulla  oblongata  as  it  ascends,  until 
it  terminates  in  the  calamus  scriptorius. 

The  anterior  pj'ramids  are  free  from  grey  matter  in  their  interior,  and  are  separated 
from  the  rest  of  the  medulla  by  strong  septa  of  connective  tissue,  and  from  one 
another  by  a  raphe,  which  extends  back  to  the  grey  matter  surrounding  the  central 
canal,  and  which  contains  mesial  horizontal  fibres,  named  sejytal.  The  posterior 
cornua  of  grey  matter  in  the  lower  part  of  the  medulla  oblongata  extend  transversely 
outwards  from  the  central  canal,  and  higher  up  stretch  outwards  and  forwards  to  the 
surface.  The  substantia  gelatinosa  is  swollen  out  into  a  mass  which  appears  circular 
in  a  transverse  section,  and  is  named  the  grey  tubercle  of  Rolando.  The  anterior 
cornua,  together  with  the  intermedio-lateral  tract,  which  had  re-appeared  at  the  upper 
end  of  the  cord,  vanish  in  the  form  of  elongated  radiating  streaks  ;  and  between  them 
and  the  anterior  pyramids  appear  the  olivary  nuclei,  unconnected  with  the  system  of 
grey  inatter  prolonged  from  the  spinal  cord.  Behind  the  posterior  cornua  two  new 
cornua  make  their  appearance — one  extending  into  the  processus  cuneatus  and  the 
other  into  the  posterior  pyramid,  and  both  of  them  increasing  in  size  as  the  posterior 
pyramids  increase.  In  the  neighbourhood  from  which  these  and  the  posterior  cornua 
spring  there  is  seen  in  transverse  sections  a  limited  bundle  of  white  fibres,  the  round 
fascicle  of  Stilling.  In  the  upper  part  of  the  medulla  oblongata  the  grey  matter  is 
principally  spread  out  on  the  floor  of  the  fourth  ventricle.  (Reichert,  op.  cit.,  part 
2nd,  plates  I.  and  II.) 

According  to  the  observations  of  Stilling,  part  of  the  grey  matter  at  the  back 
of  the  medulla  forms  special  deposits  or  nuclei,  which  are  connected  with  the  roots 
of  the  spinal  accessory,  vagus,  glosso-pharyngeal,  and  hypoglossal  nerves.  Of  these 
nuclei,  the  first  or  lowest  is  concealed  in  the  substance  of  the  medulla;  whilst 
those  which  are  situated  higher  up  gradually  appear  in  the  floor  of  the  fourth 
ventricle  as  small  angular  eminences  pointing  downwards,  near  the  apex  of  the  calamus 
scriptorius.  llha  first  nucleus  proceeding  from  below  is  that  for  the  spinal  accessory 
nerve.  It  reaches  some  way  down  in  the  cord,  and  is  there  lost  in  the  intermedio- 
lateral  tract.  Above  this  nucleus,  and  close  to  the  middle  of  the  medulla,  is  another, 
the  second,  commencing  higher  up  and  connected  with  the  hypoglossal  nerve,  the 
roots  of  which,  coming  forward  between  the  anterior  pyramid  and  the  olivary  bodj', 
appear  at  the  surface  in  the  depression  between  those  parts.  Continuing  to  ascend, 
these  two  nuclei  reach  the  back  of  the  medulla,  and  then  make  their  appearance  in 
the  floor  of  the  fourth  ventricle.    Higher  up,  the  nucleus  for  the  spinal  accessory 
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nerve  is  succeeded  by  ^  third  in  the  same  line,  which  is  connected  with  the  nen-us 
vagus  and  is  also  placed  to  the  outer  side  of  that  for  the  hypoglossus.    FurUier  out 
a  /om-//.  nucleus  begins  to  be  observed,  belonging  to  the  glosso-pharyngeal  nerve 
The  last  change  in  the  arrangement  of  these  small  grey  masses  consists  in  the  gJadial 

narrowing  of  the  nucleus  of  the  par  va- 
gum,  and  the  approximation  of  those  for 
the  hypoglossal  and  glosso-pharyngeal 
nerves,  which  were  previously  separated 
by  it. 

Fig.  352. — Magnified  Views  op  Thans- 
VERSE  Sections  of  the  Medulla  Ob- 
longata (after  Lockhart  Clarke,  and 


lleichert). 


These  figures  are  to  be  looked  upon  as  in 
part  diagrammatic,  no  attempt  having  been 
made  to  represent  the  natural  difference  of 
colour  in  the  parts.  For  the  most  part, 
however,  the  grey  substance  is  indicated  by 
the  smoother  dark  shading,  and  the  white 
substance  by  distinct  hnes, 

A,  represents  a  section  made  at  the 
lower  part  of  the  decussation  of  the  pyra- 
mids ;  B,  one  immediately  below  the 
olivary  bodies ;  C,  one  a  very  short  dis- 
tance below  the  calamus  scriptorius ;  and 
D,  a  section  in  the  lower  part  of  the  fourth 
ventricle.  The  references  are  the  following 
in  all  the  four  figures  : — 

p,  anterior  pyramids ;  p',  their  decussa- 
tion ;  0,  olivary  bodies ;  o',  the  radiating 
fibres  proceeding  from  their  interior  ; 
restiform  bodies  and  their  nucleus ;  pp, 
posterior  pyramids  ;  K,  raphe  ;  c,  central 
canal  and  substance  surrounding  it ;  tr, 
grey  tubercle  of  Rolando ;  /,  anterior 
median  fissure  ;  fp,  posterior  median 
fissure ;  a,  arcLform  fibres ;  I,  lateral 
column  ;  U,  larger  cells  and  vesicular  tract 
of  the  lateral  column  ;  CI  a,  anterior  roots 
of  the  first  cervical  nerve ;  GLp,  posterior 
roots ;  XII,  hypoglossal  nerve  roots  issuing 
at  the  side  of  the  pyramid ;  XII',  its 
nucleus ;  XI,  XT,  spinal  accessory  nerve 
and  its  nucleus  ;  VIII',  nucleus  of  the 
auditory  nerve  according  to  Reichert. 

In  A  and  B,  the  decussation  of  the  pyra- 
mids is  represented;  in  A,  the  anterior 
and  posterior  cornua  of  the  grey  matter 
still  exist  as  in  the  spinal  cord  ;  in  B,  the 
anterior  cornua  are  much  diminished  in 
size,  the  posterior  have  begun  to  pass 
outwards,  and  to  be  converted  into  the 
grey  tubercles,  and  the  intermediate  nuclei 
to  make  their  appeai-ance  between  them  ; 
in  C,  the  central  canal  is  wider  and  ap- 
proaches the  posterior  aspect,  and  the 
olivary  body  appears  between  the  anterior 
pyramid  and  the  lateral  column  ;  in  D,  the 
canal  is  opened  up  in  the  fourth  ventricle, 
and  the  various  grey  nuclei  are  for  the 
most  part  in  the  vicinity  of  its  floor. 


Langcnbeck  and  Fiirg  maintain  that  the  part  regarded  by  Stilling  as  the  nucleus 


THE  PONS  VAROLII. 


621 


for  the  glosso  pharyngeal  nerve  is  really  the  place  of  origin  of  the  greater  root  of  the 
fifth  or  trigeminal  nerve. 


Fig.  3.53.— Transverse  Section  Fig.  353. 

OP  TUE  Medulla  Oblongata 
(after  Stilling).  ^ 

The  section  is  made  at  the  level 
of  the  middle  of  the  olivary  bodies  ; 
the  effect  produced  by  transmitted 
light  is  brought  out  on  the  left- 
hand  side  of  the  figure,  the  half 
to  the  right  being  ouly  sketched, 
a,  anterior,  and  p,  posterior 
fi.ssure ;  b,  anterior  pyramid ;  c, 
olivaiy  body  with  its  corpus 
dentatum  shown  internally ;  d, 
grey  tubercle  of  Rolando  in  the 
lateral  column  ;  e,  the  restiforra 
body  and  its  nucleus  ;  /,  nucleus 
of  the  roots  of  the  glosso-pharyn- 
geal  nerve ;  ff,  nucleus  of  the  pneumo-gastric  nerve  ;  7i,  that  of  the  hypoglossal  nerve  ; 
i,  the  septum  or  raphe;  8,  roots  of  the  pneumo-gastric  nerve  emerging  ;  9,  roots  of  the 
hypoglossal  nerve. 


THE  PONS  VAROLII  AND  CEREBELLUM. 

The  Pons  Varolii,  or  tuber  annulare  (mesoceiDhalon  of  Chaussier,  nodus 
encephali  of  Rau  and  Sommerring),  forms  an  emineuce  of  transverse  fibres 
above  and  in  front  of  the  medulla  oblongata,  below  and  bebiud.  the  crura 
cerebri,  and  between  the  lateral  lobes  of  the  cerebellum.  Its  margins  are 
arched  ;  the  superior  much  more  so  than  the  inferior  :  thus,  at  the  sides  its 
transverse  fibres  are  much  more  gathered  together,  aiid  form  at  the  place 
where  it  passes  into  the  cerebellum  a  narrower  bundle,  which  is  named  the 
middle  crus  of  the  cerebellum.  In  the  middle  line  the  pons  presents  a 
shallow  groove  in  which  the  basilar  artery  lies,  and  is  perforated  by  small 
branches  of  that  artery. 

Although  the  superficial  fibres  are  transverse  in  their  general  direction, 
they  are  not  all  parallel  to  each  other.  The  middle  fibres  pass  directly 
across,  the  lower  set  ascend  slightly,  whilst  the  superior  fibres,  ■which  are  the 
most  curved,  descend  obliquely  to  reach  the  crura  cerebelli  on  each  side  ; 
and  there  are  also  one  or  more  superficial  bands  of  the  supeiior  fibres 
■which  cross  obliquely  downwards  over  the  middle  and  lower  fibres,  and 
completely  conceal  them  at  the  sides. 

In  its  internal  structure  the  pons  consists  of  the  longitudinal  or  peduncular 
fibres  prolonged  upwards  from  the  medulla  oblongata,  of  its  own  transverse 
or  commissural  fibres,  through  ■which  the  longitudinal  fibres  pass,  and  of  a 
large  intermixture  of  grey  matter.  Behind  the  superficial  transverse  fibres 
are  seen  the  prolonged  fibres  of  the  anterior  pyramids,  which,  as  they  ascend 
through  the  pons,  are  widely  separated  into  smaller  J)undles,  intersected  by 
other  transverse  -white  fibres,  which,  with  those  upon  the  surface,  are  all 
continued  into  the  cerebellum. 

The  alternation  of  transverse  and  longitudinal  fibres  just  described  extends 
to  a  considerable  deptli  in  the  pons,  the  quantity  of  transverse  fibres  greatly 
preponderating  ;  posteriorly  there  succeeds  a  third  layer,  consisting  entirely 
of  longitudinal  fibres,  and  comprehending  the  olivary  fasciculi,  and  the 
fasciculi  teretes. 

The  median  septum,  or  raphe,  which  exists  in  the  medulla  oblongata,  ia- 
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prolonged  throughout  the  whole  height  of  the  pons  in  its  back  part  but 
becomes  mdistiuct  in  approaching  the  front  or  basilar  surface,  except  towards 
Its  upper  and  lower  edge,  where  the  superficial  fibres  of  the  pons  are  maiii- 
fostly  continuous  in  the  median  line  with  these  septal  fibres.  Bundles  of 
white  fibres,  belonging  to  the  same  system,  encircle  the  crura  cerebri  at 
their  emergence  from  the  upper  border  of  the  pons. 

According  to  Foville,  a  few  fibres  from  each  of  the  three  principal  longitudinal 
elements  of  the  medulla  turn  forwards  and  become  continuous  with  the  transverse 
fibres  of  the  pons  ;  and,  in  like  manner,  one  or  more  small  bundles  from  each  of  the 
crura  cerebri  take  a  similar  transverse  course.  (Foville,  op.  cit.,  pi.  II.  fi-'s  2  and  3  • 
pi.  III.,  figs.  6  and  6).  >  o  •  , 

Thb  Cerebellum,  hinder  or  after  brain,  consists  of  a  body  and  of  three 
pairs  of  crura  or  peduncles,  by  which  it  is  connected  with  the  rest  of  the 
enceiDhalon.    These  crura  are  named  superior,  middle,  and  inferior. 


Fig.  354. — Outline  of  the  Upper 
Surface  of  the  Cekebellum.  J 

At  the  upper  part  of  the  figure,  the 
crura  cerebri  and  parts  behind  them 
have  been  cut  through  and  left  la  con- 
nection with  the  cerebellum. 

Ill,  the  third  pair  of  nerves  lying 
upon  the  crura  cerebri  ;  cr,  white 
matter  or  crust  of  the  crura  cerebri ; 
In,  locus  niger  ;  t,  tegmentum  contain- 
ing grey  matter  in  the  upper  part  of 
the  crura;  as,  aqueduct  of  Sylvius; 
5,  corpora  quadrigemina,  the  upper 
elevations  divided ;  sv,  superior  ver- 
miform process  or  central  folia  of  the 
middle  lobe  of  the  cerebellum ;  Iq, 
lobulus  quadratus ;  ^)S,  postei-ior  supe- 
rior lobe  ;  fh,  horizontal  fissure  ;  pi, 
posterior  inferior  lobe  ;  n,  the  notch 
between  the  hemispheres. 

The  superior  peduncles,  crura  ad  cerebrum  or  processus  ad  testes,  together 
with  the  valve  of  Vieussens,  a  lamina  stretched  between  them,  connect  the 
cerebellum  with  the  cerebrum. 

The  inferior  peduncles,  crura  ad  meduUam,  are  the  upper  extremities  of 
the  restiform  bodies. 

The  middle  peduncles,  or  crura  ad  pontem,  much  the  largest,  are  the 
lateral  extremities  of  the  transverse  fibres  of  the  pons  Varolii.  They 
connect  together  the  two  halves  of  the  cerebellum  inferiorly. 

All  these  peduncles  consist  of  white  fibres  only  ;  and  they  pass  into  the 
interior  of  the  cerebellum  at  its  fore  part. 

The  cerebellum  is  covered  with  grey  cortical  substance,  rather  darker 
than  that  of  the  cere^um.  Its  greatest  diameter  is  transverse,  and 
extends  to  about  three  and  a  half  or  four  inches  :  its  width  from  before 
backwards  is  about  two  or  two  and  a  half  inches  ;  and  its  greatest  depth 
is  about  two  inches,  but  it  is  much  thinner  round  its  outer  border. 

It  consists  of  two  lateral  hemispheres  joined  together  by  a  median  portion 
called  the  vermiform  process,  which  in  the  human  subject  is  distinguishable 
only  as  a  small  though  well-marked  part  below,  named  the  inferior  vermiform 
process,  and  a  mere  elevation  above,  called  the  superior  vermiform  process. 
In  birds,  and  in  animals  lower  in  the  scale,  this  middle  part  of  the  cerebellum 
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alone  exists  ;  and  in  most  mammals  it  forms  a  central  lobe  very  distinct  from 

the  lateral  portions.  ,      n       •   i  +1,^ 

The  hemispheres  are  separated  behind  by  a  deep  notch.  Superiorly,  the 
median  portion  or  upper  vermiform  process,  though  slightly  elevated,  is  not 
marked  off  from  the  hemispheres,  so  that  the  general  surface  of  the  organ, 
which  is  here  inclined  and  flattened  on  either  side,  is  uninterrupted.  Helow, 
the  hemispheres  are  convex,  and  are  separated  by  a  deep  fossa,  named  the 
vallecula,  which  is  continuous  with  the  notch  behind,  and  in  which  tbe 
inferior  vermiform  process  lies  concealed  in  a  great  measure  by  the  sur- 
rounding parts.  Into  this  hollow  the  medulla  oblongata  is  received  in  front, 
and  the  falx  cerebelli  behind. 

Fig.  355. 


Fig.  355. — Inferior  Sdrfaoe  op  the  Cerebellum  with  the  Pons  Varolii  and 
Medulla  Oblongata  (from  Sappey  after  Hirschfeld  and  Leveill^).  | 

1,  placed  in  the  notch  between  the  cerebellar  hemispheres,  is  below  the  inferior 
vermiform  process  ;  2,  2,  median  depression  or  vallecula ;  3,  3,  3,  the  biventral,  slender, 
and  posterior  inferior  lobules  of  the  hemisphere  ;  4,  the  amygdala ;  5,  flocculus  or  sub- 
peduncular  lobule  ;  6,  pons  Varolii ;  7,  its  median  groove ;  8,  middle  peduncle  of  the 
cerebellum  ;  9,  medulla  oblongata  ;  10,  11,  anterior  part  of  the  great  horizontal  fissure  ; 
12,  13,  smaller  and  greater  roots  of  the  fifth  pair  of  nerves;  14,  sixth  pair  ;  15,  facial 
nerve;  16,  pars  intermedia;  17,  auditory  nerve;  18,  glosso-pharyngeal ;  19,  pneumo- 
gastric;  20,  spinal  accessory  ;  21,  hypoglossal  nerve. 

The  cerebellum  at  the  surface  and  for  some  depth  consists  of  numerous 
nearly  parallel  laminte  or  folia,  which  are  composed  of  grey  and  white 
matter,  and  might  be  compared  with  the  gyri  of  the  cerebrum,  but  are 
smaller  and  without  convolution.  These  laminie  are  separated  by  slightly- 
curved  grooves  or  sulci  of  different  depths. 

One  principal  fissure,  or  sulcus,  named  the  great  horizontal  fissure,  divides 
the  cerebellum  into  an  upper  and  a  lower  portion.  It  begins  in  front  at  the 
entrance  of  the  middle  peduncles,  and  passes  horizontally  backwards  round 
the  outer  border  of  the  hemispheres.  From  this  primary  fissure,  numerous 
others  proceed  on  both  the  upper  and  under  surface,  forming  nearly  parallel 
curves,  having  their  concavities  turned  forwards,  and  separating  the  folia  from 
each  other.  All  these  furrows  do  not  go  entirely  round  the  hemisphere,  for 
many  of  them  coalesce  with  one  another  ;  and  some  of  the  smaller  furrows 
have  even  an  oblique  course  between  the  others.    Moreover,  on  opening  the 
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larger  fissures,  mauy  of  the  folia  are  seen  to  lie  concealed  within  them,  and 
do  not  reach  the  surface  of  the  cerebellum. 

Certain  lissures,  which  are  deeper  than  the  rest,  and  constant  in  their 
position,  have  been  described  as  separating  the  cerebellum  into  lobes,  which 
are  named  as  follows  : — 

The  central  lobe,  situated  on  the  upper  surface,  consists  of  about  eight 
foha,  immediately  adjoining  the  anterior  concave  border.  The  superior  and 
anterior  lobe,  sometimes  called  quadrate,  and  the  superior  and  posterior  lobe, 
are  placed  between  the  central  lobe  and  the  great  horizontal  fissure.  On  the 
under  surface  are  seen  successively  the  inferior  posterior  lobe,  the  slejider 
lobe,  the  biventral  lobe,  the  amygdala,  and  the  subpeduncidar  lobe  or  floccidus. 
This  last-named  lobule,  lobule  of  the  pneumo-yastric  nerve  (Vicq-d'Azyr), 
subpeduncular  lobe  (Gordon),  or  flocculus,  projects  behind  and  below  the 
middle  peduncle  of  the  cerebellum.  It  is  connected  by  a  slender  pedicle  of 
white  fibres  to  the  rest  of  the  hemisphere  ;  but  its  exposed  surface  is  grey, 
and  is  subdivided  into  five  or  six  small  laminae. 


Fig.  356. 


Fig.  356. — Inferioe  Surface  op  the  Gkrebellum  with  the  Posterior  Medullarv 
Velum  (after  Eeil  and  Reichert  and  from  nature).  § 

The  medulla  oblongata  has  been  in  great  part  removed  by  a  cut  passing  through  it 
near  the  pons  Varolii ;  the  two  amygdaloid  lobules  have  also  been  removed,  and  the 
medulla  and  pons  Varolii  pulled  downwards  in  order  to  bring  into  view  the  posterior 
medullary  velum. 

ps,  posterior  superior  lobe  of  the  cerebellum  ;  fh,  horizontal  fissure  ;  pi,  posterior 
inferior  lobe;  g,  lobulus  gracilis;  hi,  biventral  lobe;  c,  placed  on  the  folia  which  pass 
across  between  the  hemispheres  of  ojyposite  sides ;  p,  pyramid  ;  u,  uvula  ;  n,  placed  in 
the  fourth  ventricle  immediately  below  the  nodule;  pv,  on  each  side,  placed  on  the  cut 
surface  where  the  amygdalffi  have  been  removed,  points  by  a  line  to  the  posterior  medullary 
velum  ;  v,  v,  cavity  of  the  fourth  ventricle  within  the  borders  of  the  velum  and  behind 
the  inferior  cerebellar  peduncles  ;  the  cavity  extends  on  each  side  into  the  pedicle  of  the 
flocculus,  /;  m,  section  of  the  medulla  oblongata,  in  which  the  open  condition  of  the 
olivary  capsules  of  grey  matter  is  shown  ;  VI,  sixth  nerves  ;  V,  fifth  nerve-roots,  and 
above  them,  the  facial  and  auditory  roots. 

Within  the  vallecula,  or  on  its  borders,  tlie  following  parts  are  seen  : — 
Commencing  from  behind,  a  conical  and  laminated  projection,  named  the 
pyramid,  is  first  met  with.  In  front  of  that  is  another  smaller  projection, 
called  the  uvula,  which  is  placed  between  the  two  roimded  lobes  at  the  sides  of 
the  vallecula,  named  the  amygdalcc  ;  these  terms  having  been  suggested  by 
a  comparison  with  the  parts  so  named  in  the  throat.  Between  the  uvula 
and  amygdalae  on  each  side,  but  concealed  from  view,  is  extended  a  ridge 
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of  grey  matter  iudeuted  on  the  surface,  and  named  the  furrowed  hand. 
Still  further  forward  is  the  anterior  pointed  termination  of  the  inferior 
vermiform  process,  named  the  nodide,  which  projects  into  the  fourth  ven- 
tricle, and  has  been  named  the  laminated  tubercle  (Malacarne).  On  each 
side  of  the  nodule  is  a  thin  white  lamella  of  a  semilunar  form,  which  is 
attached  by  its  posterior  convex  border,  and  is  free  and  concave  in  front. 
The  outer  ends  of  these  lamellae  are  attached  to  the  floccuU,  and  the  inner 
ends  to  the  nodule,  and  to  each  other  in  front  of  that  projection.  The  two 
lamellro  together  constitute  the  posterior  medullary  velum,  which  has  been 
compared  with  the  valve  of  Vieussens, — the  one  being  attached  to  the 
superior  extremity  and  the  other  to  the  inferior  extremity  of  the  middle 
or  vermiform  portion  of  the  cerebellum.  This  posterior  velum  is  covered  in 
and  concealed  by  the  amygdalae,  and  cannot  be  proi^erly  seen  until  those 
lobules  have  been  turned  aside  or  removed. 

The  Fourth  Ventricle. — The  space  left  between  the  medulla  oblongata  in 
front  and  the  cerebellum  behind,  is  named  the  fourth  ventricle,  or  ventricle 
of  the  cerebelhim. 


Fig.  357. 


Fig.  357. — ViKW  OP  THE 
Floor  op  the  Fourth  Ven- 

■  triole  with  the  posterior 
Surface  op  the  Medulla 
Oblongata  akd  neigh- 
bouring PARTS  (from  Sappey 
after  Hirschfeld  and  Le- 
veille). 

On  the  left  side  the  three 
cerebellar  peduncles  have  been 
cut  short  ;  on  the  right  side 
the  -white  substance  of  the 
cerebellum  has  been  preserved 
in  connection  with  the  supe- 
rior and  inferior  peduncles, 
while  the  middle  one  has  been 
cut  short. 

1,  median  groove  of  the 
fourth  ventricle  with  the  fas- 
ciculi teretes,  one  on  each  • 
side  ;  2,  the  same  groove  at 
the  place  where  the  white 
strioB  of  the  acoustic  nerve 
emerge  from  it  to  cross  the 

floor  of  the  ventricle  ;  3,  inferior  peduncle  or  restiform  body  ;  4,  posterior  pyramid  • 
above  this  the  calamus  scriptorius  ;  5,  superior  peduncle  or  processus  a  cerebello  ad 
cerebrum;  on  he  nght  side  the  dissection  show's  the  superior  and  infe'4  ^d  Lies 
crossing  each  other  as  they  pass  into  the  white  stem  of  the  cerebellum  ;  6  fillet  to  the 
gemina  ^'  °^  '"^^  -^^-"''^  ^"•^'^'•i  5  8,  corpora  quadri! 

The  cavity  of  this  ventricle  is  of  a  fiat  rhomboidal  shape,  being  contracted 
above  and  below,  and  widest  across  its  middle  part.  The  anterior  extremity 
of  the  inferior  vermiform  process  projects  into  it  from  behind,  and  hi-her 
up  It  IS  covered  by  the  Vieussenian  valve.  It  is  bounded  laterally  b/the 
superior  peduncles  and  by  the  line  of  union  of  the  medulla  oblonglta^and 

Svlian  t  ?•  .  "  "^P'""  -'"^^  °^  ^-^"^"^^^  continuous  with  the 
Sylv  an  aqueduct  or  passage  (iter)  leading  up  to  the  third  ventricle, 

nf  tt  TT\T  '  M  f  °^  ^""^•t'^  ^^"t"'^!^  i«  formed  by  the  back 
of  the  medulla  oblongata  and  pons  Varolii.    It  is  shaped  like  a  lozenge, 
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truncated  at  its  upper  parb.  Below,  it  is  bounded  by  the  diverging  posterior 
pyramids  and  restiform  bodies  surmounted  by  the  ligula.  It  lias  already 
been  sufficiently  described  iu  connection  with  the  medulla  oblongata. 

The  lining  membrane  of  the  ventricle  is  continuous  with  that  of  the 
ventricles  in  the  interior  of  the  cerebrum,  through  the  aqueduct  of  Sylvius, 
in  which  situation  it  is  marked  by  delicate  lugre,  oblique  or  longitudinal  in 
direction.  At  the  sides  it  is  reflected  from  the  medulla  to  the  cerebellum, 
and  extends  for  a  considerable  distance  outwards  between  the  flocculus  and 
the  seventh  and  eighth  nerves.  At  the  lower  end  of  the  ventricle,  there  is, 
as  was  ascertained  by  Magendio,  a  narrow  orifice  in  the  membrane  by  which 
the  cavity  communicates  with  the  subarachnoid  space. 

Projecting  into  the  fourth  ventricle  at  each  side,  and  passing  from  the 
point  of  the  inferior  vermiform  process  outwards  and  upwards  to  the  outer 
border  of  the  restiform  bodies,  are  two  small  vascular  processes,  which  have 
been  named  the  choroid  plextms  of  the  fourth  ventricle. 


Fig.  358. 


Fig.  358.  —Outline  Sketch  op  a  Ver- 
tical Section  of  the  Cerebellum  to 
snow  the  Corpus  Dentatuji  in  its 


Medullary  Stem. 


The  section  has  been  carried  iLrough  the 
left  lateral  part  of  the  pons  so  as  to  divide 
the  superior  peduncle  and  pass  nearly 
through  the  middle  of  the  left  cerebellar 
hemisphere.  The  olivary  body  has  also 
been  divided  longitudinally  so  as  to  expose 
in  section  its  corpus  dentatum. 

cr,  crus  cerebri  ;  /,  fillet;  q,  corpora 
quadrigemina ;  sp,  superior  peduncle  of 
the  cerebellum  divided ;  mp,  middle 
peduncle  or  lateral  pai-t  of  the  pons  Varolii,  with  fibres  passing  from  it  into  the  white 
stem  ;  av,  continuation  of  the  white  stem  radiating  towards  the  arbor  vitae  of  the  folia  ; 
cd,  corpus  dentatum  ;  o,  olivary  body  with  its  corpus  dentatum  ;  p,  anterior  pyramid. 

Internal  stnictim  of  the  cerebellum. — The  central  part  is  composed  of 
white  matter  which  sends  out  spreading  and  gradually  thinning  layers  into 
the  interior  of  all  the  laminae,  larger  aud  smaller,  of  the  grey  substance 
which  form  a  continuous  covering  on  the  surface.  In  consequence  of  this 
arrangement  of  the  white  and  grey  substances,  sections  of  the  cerebellum 
crossing  the  laminte,  and  dividing  the  grey  and  white  substance  together, 
present  a  beautifully  foliated  or  arborescent  appearance,  named  arbor  vita.. 
This  appearance  is  seen  in  any  vertical  section,  but  it  is  most  perfect  in  that 
which  passes  through  the  median  plane,  where  the  relative  quantity  of  the 
central  white  matter  is  small.  The  foliations  are  arranged  somewhat  pm- 
nately,  the  section  of  each  primary  lamina  having  those  of  secondary  lamince 
clustered  round  it  like  leaflets  on  a  stalk. 

In  the  lateral  hemispheres,  where  the  peduncles  enter,  the  Avhite  matter 
is  more  abundant  ;  and  if  a  section  be  made  through  either  hemisphere  hidf 
way  between  its  centre  and  the  middle  of  the  vermiform  process,  it  wiU 
display  a  nucleus  of  grey  matter,  which  is  named  the  corpus  deniatum  oi  i^Q 
cerebellum.  This  structure,  very  similar  to  that  akeady  described  in  the 
olivary  body  of  the  medulla  oblongata,  presents  the  appearance  of  a 
waved  line  of  compact  yellowish  brown  matter,  surrounded  by  white  sub- 
stance and  containing  whitish  matter  within.     This  line  is  interrupted  at 
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its  upper  and  inner  part.  In  whatever  direction  the  section  is  carried 
through  the  corpus  dentatum,  this  waved  line  is  seen,  so  that  the  dentate 
body  may  be  described  as  consisting  of  a  plicated  pouch  or  capsule  of  grey 
substance  open  at  one  part  and  inclosing  white  matter  in  its  inteiior, 
like  the  corpus  dentatum  of  the  olivary  body.  White  fibres  may  be  traced 
from  it  to  the  superior  peduncles  of  the  cerebellum  and  to  the  valve  of 
Vieussens. 


Fig.  359.— ViKW  OP  A  Dissection  Fig-  359. 

OP  THE  Fibres  of  the  MedulCiA 
Oblongata  and  Pons  Varolii 
(from  Arnold),  g 

6,  the  anterior  pyramid ;  6',  its 
fibres  traced  upwards  through  the 
pons  Varolii;  c,  olivary  column  ;  d, 
olivary  body  ;  in,  superficial  trans- 
verse fibres  of  the  pons  on  its  left 
side  ;  m',  the  deeper  transverse 
fibres  of  the  right  side  ;  m",  the 
prolongation  of  these  fibres  as  mid- 
dle peduncle  of  the  cerebellum  ; 
j5,  q,  their  continuation  into  the 
laminae  and  folia  of  the  cerebellum; 
n,  inferior  peduncle  ;  x,  the  decus- 
sating part  of  the  left  lateral 
column  crossing  to  the  right  ante- 
rior pyramid. 

The  fibres  in  the  primary  lamellse  can  be  traced  continuously  from  the  peduncles  ot 
the  cerebellum.  Upon  these  central  plates  are  laid  other  coUaferal  lameUce,  which 
are  not  connected  -with  the  fibres  proceeding  from  the  middle  of  the  cerebellum,  but 
merely  pass  from  one  folium  to  another. 

The  grey  matter  is  not  uniform  throughout  its  whole  thickness,  but  is  composed  of 
two  or  more  layers  differing  in  colour  and  other  characters ; — resembling,  in  this 
respect,  the  cortical  substance  of  the  posterior  convolutions  of  the  cerebrum. 

The  fibres  composing  the  peduncles  of  the  cerebellum  are  arranged  in  its  interior  in 
the  following  manner.  The  middle  peduncles,  which  are  the  most  superficial,  enter 
the  lateral  parts  of  the  cerebellum  ;  they  may  be  traced  into  the  folia  of  those  parts, 
and  form  a  large  share  of  each  hemisphere.  The  inferior  peduncles  pass  upwards 
into  the  middle  part  of  the  cerebellum,  in  the  folia  of  which  they  are  distributed, 
e.'ipecially  in  those  of  the  upper  surface.  The  superior  peduncles,  which  are  placed 
nearest  to  the  middle  line,  are  principally  connected  with  the  folia  of  the  inferior 
vermiform  process ;  but  a  considerable  number  of  them  pass  into  or  issue  from  the 
grey  capsule  of  the  corpus  dentatum  which  has  been  already  described. 

A  very  different  account  from  that  which  has  generally  been  received  of  the  course 
and  relations  of  the  tracts  of  nervous  substance  of  the  cerebellum  has  recently  been 
put  forward  by  Luys,  and  deserves  mention  in  this  place.  According  to  the  statement 
of  this  author,  all  the  fibres  of  the  cerebellar  peduncles  arise  from  the  interior  of  the 
corpora  dentata  ;  the  cells  of  those  centres  receive  externally  fibres  from  the  laminated 
periphery  of  the  cerebellum,  and  internally  give  origin  to  the  peduncular  fibres ;  the 
fibres  of  the  inferior  peduncles  of  opposite  sides  cress  the  middle  line  and  terminate 
in  the  interior  of  the  olivary  nuclei ;  and  the  fibres  of  the  superior  peduncles,  likewise 
decussating  in  the  mesial  plane  before  quitting  the  cerebellum,  terminate  in  a  grey 
centre  in  the  interior  of  the  tegmentum  of  the  crus  cerebri,  named  by  Luys  the 
superior  olivary  body.  He  further  alleges  that  diiferent  fibres  pass  in  all  directions 
from  the  superior  and  inferior  olivary  bodies,  and  that  thus  the  fibres  of  the  cerebellum 
form  a  separate  system  indirectly  connected  with  the  fibres  of  the  rest  of  the  cerebro- 
spinal axis.  Only  a  short  notice,  however,  of  these  views  having  as  yet  been  published, 
it  will  be  necessary  that  the  observations  on  which  they  are  founded  be  made  known 
and  fully  corroborated,  before  statements  of  so  startling  a  nature  can  be  generally 
accepted.    (Luys,  in  Journ.  do  I'Anat.  et  de  Physiol.,  1864,  p.  225.) 
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'Microscopic  Stmcture.— The  cortical  grey  matter  which  covers  the  foliated  surface 
of  the  cerebellum  is  made  up  of  the  following  elements,  viz.  :  1.  Pellucid  cells  of 
considerable  size.  2.  Cells,  for  the  most  part  of  large  size,  and  caudate,  having  the 
usual  granular  contents.  These  cells  are  imbedded  in  a  finely-granular  matrix  ;  the 
greater  number  of  those  of  the  caudate  kind  have  a  pyriform  shape,  and  are  prolonged 

Fig.  360. — The  Columns  op  thk 
Medulla    Oblonqata  traoeu 

UPWARDS  into  the  CEREBELLUM 

AND  Cerebrum  (from  Arnold).  I 

a,  part  of  the  anterior  column 
which  ascends  in  the  olivary  column  ; 
6,  decussating  portion  of  the  lateral 
column  forming  the  pyramid  and 
turned  down  ;  c,  olivary  fasciculus 
ascending  deeply  through  the  pons  ; 
d,  olivary  body  ;  e,  restiform  body ; 
/,  g,  corpora  quadrigemina  ;  c,  h,  i, 
the  fillet ;  h,  the  part  which  ascends 
to  the  cerebral  peduncle ;  i,  the 
part  passing  up  to  the  corpora 
quadrigemina  ;  m,  m',  the  ti'ans- 
verse  fibres  of  the  pons  divided  ;  n, 
inferior  peduncle  of  the  cerebellum ; 
o,  septal  fibres  of  the  medulla  oblongata ;  q,  fibres  of  the  inferior  peduncle  continued 
into  the  laminje  of  the  cerebellum ;  r,  r,  superior  peduncle  ;  t,  fasciculus  teres ;  u, 
thalamus  ;  v,  corpus  albicans. 


Fig.  360. 


Fig.  361. 


Fig.  361. — Minute  Struc- 
ture OF  the  Substance 
OP  THE  Cerebellum  (from 
Kolliker). 

A,  large   cells   from  the 

grey  cortical  substance  of  the 

human  cerebellum.  ?-9 
1 

a,  thi-ee  large  cells  exhibit- 
ing granular  contents  and  a 
nucleus  ;  b,  the  internal  pro- 
cesses seen  in  two  of  the 
cells  ;  c,  d,  two  external  pro- 
cesses running  towards  the 
surface  from  two  of  the  cells, 
in  the  third  cell  one  large 
process  only  is  seen  ;  c',  d', 
ramified  finer  parts  of  these 
processes. 

B,  course  of  the  nerve- 
tubes  at  the  surface  of  the 
cerebellum,  magnified  with  a 
low  power. 

a,  nerve  of  the  medullary 
substance  ;  b,  nervous  plexus 
of  the  substantia  ferruginea  ; 

c,  border  of  that  substance  ; 

d,  fine  fibres  ruuning  out 
from  the  dark- bordered  tubes 
into  the  superficial  grey  sub- 
stance. 

at  their  small  end  into  a  simple  or  branched  appendage,  and  this  process,  as  first 
remarked  by  Purkinjc,  is  in  most  of  them  directed  towards  the  surface  of  the 
eeXllum  3.  Small  bodies  like  cell-nuclei  densely  aggregated  without  any  int^r- 
Sning  substance.    These  lie  at  some  depth  from  the  surface;  accordmg  to  lodd. 
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they  form  a  thin  light-coloured  lamina,  intermediate  betweea  two  darker  strata  of 
grey  matter  which  contain  the  nerve-cells ;  one  of  these  grey  strata  being  the  deepest 
and  next  the  white  matter  of  the  cerebelhim,  while  the  other,  which  is  the  darker 
coloured  of  the  two,  is  in  contact  with  the  pia  mater.  4.  Fibres.  Tubular  nerve- 
fibres  pass  from  the  white  into  the  grey  matter,  and  extend  through  it  nearly  as  far 
as  the  surface.  The  mode  of  their  termination,  which  is  dithcult  to  trace,  has  been 
investigated  by  various  anatomists.  According  to  Valentin,  they  form  loops  and 
return  upon  their  course,  but  this  statement  has  not  been  confirmed  by  other 
observers. 

Gerlach  has  recently  described  a  very  remarkable  arrangement  of  the  fibres  of  the 
cerebellum.  According  to  him,  these  fibres,  on  approaching  the  grey  matter,  split 
up  into  extremely  fine  divisions,  which  form  a  network,  while  the  granules,  which  he 
considers  as  small  cells  with  ramifying  processes,  are  placed  at  the  angles  of  the 
meshes,  and  branching  processes  of  the  large  nerve  cells  also  terminate  in  the  network. 
According  to  Kolliker,  networks  of  tubular  fibres  exist  within  the  grey  matter  and 
communicate  with  the  nerve-cells,  while  the  granules  belong  to  the  reticulum  of 
connective  tissue.  Luy.s,  like  Gerlach,  describes  lateral  processes  as  being  given  oflF  by 
the  nerve-fibres  to  connect  them  with  the  granules,  at  the  same  time  that  they 
terminate  likewise  directly,  although  much  attenuated,  in  the  large  nerve-cells. 
(Gerlach,  "  Microscopische  Studien,"  pL  I.,  fig.  3 ;  copied  in  Virchow's  "  Cellular 
Pathology,"  by  Chance,  p.  269.) 


THE  CEREBRUM. 

The  cereh-um,  or  brain  proper,  constitutes  the  highest  and  much  the 
largest  portion  of  the  encephalon.  It  consists  of  the  following  parts,  viz. 
the  peduncular  masses  of  the  crura  cerebri  and  processus  a  cerebello  ad 
cerebrum  ;  the  series  of  eminences  or  cerebral  centres  or  ganglia  concealed 
from  view,  named  corpora  quadrigemina,  optic  thalami  and  corpora  striata  • 
the  cerebral  hemispheres,  which  are  by  far  the  most  bulky  part  of  the  cere- 
brum and  of  the  whole  encephalon,  and  form  nearly  the  whole  superficial 
part  ;  various  commissural  structures  including  the  corpus  callosum  and 
fornix  ;  and  lastly  some  smaller  structures,  viz.,  the  pineal  and  the  pituitary 
bodies,  and  the  olfactory  bulbs, 

EXTERIOR  OF  THE  CEEEBRUM. 

The  cerebral  hemispheres  together  form  an  ovoid  mass,  flattened  on  its 
under  side,  and  placed  in  the  cranium  with  its  smaller  end  forwards  its 
greatest  width  being  opposite  to  the  parietal  eminences.  They  are  separated 
in  the  greater  part  of  their  extent  by  the  great  longitudinal  fissure. 

Each  cerebral  hemisphere  has  an  outer  or  convex  surfiice,  which  is  in 
contact  with  the  vault  of  the  cranium  ;  an  inner  or  flat  surface,  of  a  crescent 
shape,  which  forms  one  side  of  the  longitudinal  fissure  ;  and  an  irresular 
under  surface,  which  rests  on  the  base  of  the  skull,  and  on  the  tentorium 
cerebelli. 

Threelohes  or  Urge  divisions,  projecting  in  three  diff-erent  directions  have 
usuaUy  been  distmguished  m  each  hemisphere,  under  the  names  of  anterior 
middle,  and  posterior  lobes  The  division  between  the  anterior  and  mZll 
lobes  IB  very  clearly  defined  below  and  on  the  sides  by  a  deep  clef^  named 
the  Sylvian  fissure.  There  is  no  simQar  demarcation  between  the  middle 
and  posterior  lobes  ;  but  anatomists  have  generaUy  considered  aa  the  pos- 
terior lobe  that  part  of  the  hemisphere  which  lies  over  the  cerebellun 

TtoteVfnTl  -  triangular  and  excavated  to  adapt 

It  to  the  roof  of  the  orbit  on  which  it  rests.     The  middle  lobe  is  rounded 
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and  prominent,  and  occupies  the  middle  fossa  of  the  skull-the  edge  of  the 
lesser  wing  of  the  sphenoid  bone  corresponding  with  the  Sylviaf  fissure 

^'S-  ^^2.  Pig.  362.-UppEa  Sur- 

face OP  THE  Brain 

SHOWINQ  THE  CONVO- 
LUTIONS (from  R.  Wag- 
ner). 4 

This  view  was  taken 
from  the  brain  of  a 
famous  mathematician, 
Professor  C.  F.  Gauss, 
who  died  in  1854,  aged 
78.  It  is  selected  as 
an  example  of  a  well- 
formed  brain  of  the 
usual  size  with  fully 
developed  convolutions. 

a,  superior  or  first 
frontal  convolution  ;  a', 
second  or  middle  frontal ; 
a",  third  or  inferior 
frontal ;  A,  A,  anterior 
ascending  parietal  con- 
volution ;  B,  B,  pos- 
terior ascending  parietal 
convolution  ;  b,  first  or 
upper  parietal  convolu- 
tion ;  h\  second  or  mid- 
dle ;  h" ,  third  or  in- 
ferior ;  c,  first  or  upper 
temporal  convolution  ; 
d,  first  or  upper  occipi- 
tal convolution  ;  d', 
second  or  middle  ;  d", 
third  or  lower ;  I,  I,  the 
superior  longitudinal  fis- 
sure ;  r,  the  fissure  of  Rolando  ;  p,  the  external  perpendicular  fissure. 

The  posterior  lobe  is  smooth  and  slightly  concave  on  its  under  surface, 
where  it  rests  on  the  arch  of  the  tentorium. 

It  is  right  to  remark  that  some  anatomical  writers  have  admitted  only  two  lobes, 
reckoning  the  middle  and  posterior  lobes  as  one,  under  the  name  of  the  posterior 
lobe ;  while  others  more  recently  have  divided  the  middle  lobe  into  two,  an  upper 
and  lower,  and  have  added  that  of  the  island  of  Reil,  so  as  to  make  five  principal 
lobes  in  all.  These  have  been  named  respectively  the  frontal,  parietal,  temporal, 
occipital,  and  central  lobes. 

The  great  longitudinal  fissure,  seen  upon  the  upper  surface  of  the  brain, 
extends  from  before  backwards  throughout  its  whole  length  in  tlie  median 
plane,  and  thus  separates  the  cerebrum,  as  already  stated,  into  a  right  and 
left  hemisphere.  On  opening  this  fissure,  it  is  seen,  both  before  and  behind, 
to  pass  quite  through  to  the  base  of  the  cerebrum  :  but  in  the  middle  it  is 
interrupted  by  a  large  transverse  mass  of  white  substance,  named  the 
corpus  callosum,  which  connects  the  two  hemispheres  together.  While  the 
brain  is  in  its  natural  situation,  this  fissure  is  occupied  by  a  vertical  process 
of  the  dura  mater — the  falx  cerebri, — which  dips  down  between  the  two 
hemispheres,  not  quite  reacliiug  to  the  corpus  callosum. 

The  Sylvian  fissure,  which  separates  the  anterior  and  middle  lobes,  passes 
at  first  upwards  and  backwards  in  the  outer  part  of  the  hemisphere,  and 


FORM  AND  DIVISIONS  OF  THE  CEREBRUM.  531 

divides  into  two  branches,  anterior  and  posterior.  It  lodges  the  trunk  and 
primary  divisions  of  the  middle  cerebral  artery,  and  at  its  commencement 
present^  a  spot  pierced  by  numerous  smaU  arterial  branches,  and  thence 
named  the  locus  perforahis  anticus. 

The  surface  of  the  hemispheres  is  composed  of  grey  matter,  and  is  moulded 
into  numerous  smooth  and  tortuous  eminences,  named  convoluhons,  or  (jyn, 
which  are  miu'ked  off  from  each  other  by  deep  fuiTOws,  called  sulci,  or 
anfractuosities. 

Fig.  363. 


Fig.  363.— Lateral  View  op  the  Right  CEREBRAii  Hemisphere  (from  Sappey 

after  Foville).  4 

1,  fissure  of  Rolando  ;  2,  anterior  ascending  parietal  convolution  ;  3,  frontal  convolu- 
tions connected  posteriorly  with  tbe  anterior  ascending  parietal ;  4,  union  of  two  frontal 
convolutions  ;  5,  posterior  ascending  parietal  convolution  ;  6,  another  parietal  convolution 
similarly  connected  with  those  on  the  inner  surface  ;  7,  7,  anterior  part  of  the  convolu- 
tion of  the  fissure  of  Sylvius  ;  8,  8,  horizontal  part  of  the  same  convolution  ;  9,  9, 
posterior  part  ;  10,  11,  12,  anterior,  middle,  and  posterior  principal  convolutions  of  the 
island  of  lleil  or  central  lobe ;  13,  supraorbital  convolution;  14,  part  of  the  temporal 
lobe  ;  15,  occipital  lobe. 

Cerebral  CoNVOLtrTioNS. — The  convolutions  are  covered  closely  through- 
out by  the  vascular  investing  membrane,  the  pia  mater,  ■which  sends  pro- 
cesses down  to  the  bottom  of  the  sulci  between  them,  while  the  serous 
covering,  the  arachnoid  membrane,  passes  from  one  convolution  to  another, 
over  their  summits  and  without  dipping  between  them.  The  sulci  are 
generally  from  half  an  inch  to  an  inch  in  depth  ;  but  in  this  respect  there 
is  much  variety  in  different  brains,  and  in  different  parts  of  the  same  brain  ; 
those  upon  the  outer  convex  surface  of  the  hemisphere  being  the  deepest. 
In  general,  the  depth  of  a  convolution  exceeds  its  thickness  ;  and  its  thick- 
ness, near  the  summit,  is  somewhat  greater  than  through  its  base. 

Since  the  external  grey  or  cortical  substance  is  continuous  over  the  whole 
surface  of  the  cerebral  hemispheres,  being  found  alike  within  the  sulci  and 
upon  the  gyri,  a  far  greater  extent  of  grey  matter  is  thus  exposed  to  the 
vascular  surface  of  the  pia  mater  with  a  given  size  of  the  brain  than  could 
have  been  the  case  had  the  hemispheres  been  plain  and  destitute  of 
convolutions. 

The  general  arrangement  of  the  convolutions  has  been  made  the  subject 


532 


THE  CEREBRUM. 


of  study  by  various  anatomists  in  earlier  and  recent  times,  but  still  re- 
quires farther  elucidation.  An  attempt  to  describe  minutely  all  the  indi- 
vidual gyri  would  be  difficult  and  useless,  owing  to  their  irregularity  in 
diflereut  cases,  and  their  want  of  symmetry  in  the  same  brain.  Nevertheless, 
there  are  some  sufficiently  constant  in  presence,  and  characteristic  in  situa- 
tion and  form,  to  admit  of  being  specially  described  ;  and  it  seems  probable 
that  by  a  sufficiently  careful  comparison  of  the  convolutions  in  different 
animals,  and  the  observation  of  their  development  in  the  foetus,  certain 
general  facts  may  be  ascertained  regarding  them,  tending  to  throw  light 
upon  their  disposition  in  man. 

Fig.  364. 


Fig.  364. — Odtline  of  the  Cerebrum  as  seen  from  the  left  side,  showing  the 
Convolutions  as  distinguished  by  Gratiolet.  4 

F,  frontal  lobe  ;  P,  parietal  lobe ;  T,  temporal  lobe  ;  0,  occipital  lobe  ;  R,  R,  fissure 
of  Rolando  ;  s,  s,  fissure  of  Sylvius,  posterior  division  ;  s',  s',  its  anterior  division  ;  C,  at 
the  junction  of  the  two,  marks  the  place  of  the  central  lobe  or  convolutions  of  the  island 
of  Reil  ;  p,  the  place  of  the  vertical  or  occipital  fissure  ;  a,  a',  a",  superior,  middle  and 
inferior  frontal  convolutions  ;  a*,  supra-orbital  convolutions  ;  A,  anterior  transverse  or 
ascending  parietal  convolution  ;  B,  posterior  transverse  or  ascending  parietal  convolution  ; 
6,  b',  b,"  npper,  middle  and  lower  parietal  convolutions  ;  c,  c',  c",  upper,  middle  and 
lower  temporal  convolutions  ;  d,  d',  d",  upper,  middle  and  lower  occipital  convolutions  ; 
between  b,  b',  b",  and  d,  d',  d",  are  seen  the  connecting  convolutions ;  between  c  and  c', 
the  parallel  fissure. 

The  Island  of  Reil  constitutes  the  set  of  convolutions  {gyri  operti)  which 
appear  earliest  both  in  the  foetus  and  in  the  animal  series.  It  is  a 
triangular  eminence,  broken  externally  into  short  radiating  convolutions, 
which  forms  a  delta  between  the  anterior  and  posterior  division  of  the 
fissure  of  Sylvius,  and  is  limited  externally  by  a  deep  sulcus.  Tliis  mass, 
constituting  the  central  lobe  of  recent  authors,  derives  additional  interest 
from  being  the  centre  round  which  the  principal  convolutions  of  the  cere- 
brum are  arranged.  It  is  only  brought  into  view  by  laying  open  the  fissure 
of  Sylvius.     (See  Figs.  365,  369,^  and  379.) 

The  convolution  of  the  Sylvian  fissure  is  a  very  large  convolution,  wliich  is 
also  early  in  its  appearance  in  animals.  Commencing  in  front  of  the  inner 
end  of  the  Sylvian  fissure,  it  takes  a  tortuous  and  much  folded  course  all 
round  that  fissure,  giving  off  numerous  secondary  gyri,  and  terminates  behind 
the  fissure  opposite  the  point  where  it  began. 

The  gyrus  fornicatus,  convolution  of  the  corpus  callosum,  or  internal  con- 
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volution,  is  oue  of  the  moat  distinct  and  symmetrical  convolutions  in  the 
whole  braiu.  Commencing  on  the  under  surface  of  the  brain,  immediately 
before  tlie  anterior  perforated  space,  it  ascends  a  short  distance  in  front  of 
the  anterior  recurved  extremity  of  the  corpus  callosum,  and  then  runs  back- 
wards immediately  above  that  body,  as  far  as  its  posterior  extremity  :  there 
it  turns  downwards  and  forwards,  embracing  the  cerebral  peduncle,  to  reach 
the  entrance  of  the  Sylvian  fissui-e.  This  long  convolution,  therefore,  describes 
a  sort  of  arch  or  ring,  open  or  interrupted  opposite  the  Sylvian  fissure,  and 
embracing  the  corpus  callosum  above,  and  the  cerebral  peduncle  below.  It 
thus,  as  was  pointed  out  by  Foville,  forms  a  sort  of  rim  or  border  to  the ' 
grey  matter,  whence  it  is  named  by  him  convolution  d' outlet.  The  surface 
of  this  convolution,  especially  towards  its  inferior  termination,  is  covered  by 
a  very  thin  cribriform  layer  of  white  substance,  which,  with  the  grey  matter 
beneath,  gives  the  surface  a  mottled  aspect.  This  has  been  called  the  reti- 
culated white  substance. 

The  marginal  convolution  of  the  longitudinal  fissure  is  a  large  convolution 
which  may  bo  traced,  more  or  less  indented  or  interrupted  however  in  its 
course,  along  the  line  of  junction  between  the  convex  and  flat  siirfaces  of 
the  hemisphere,  forming  the  lip  of  the  great  longitudinal  fissure.  It  com- 
mences on  the  under  surface  of  the  brain,  in  common  with  the  gyrus 
foruicatus,  and  passing  forwards,  forms  the  inner  border  of  the  triangular 
orbital  surface  of  the  anterior  lobe.  In  this  part  it  is  cleft  longitudinally 
by  a  deep  sulcus,  into  which  the  olfactory  bulb  is  received,  and  which,  it  may 
be  mentioned,  is  developed  at  an  earlier  period  than  the  convolution  itself. 
On  the  front  and  upper  surface  of  the  cerebrum,  this  convolution  may 
generally  be  traced  for  some  distance  along  the  margin  of  the  longitudinal 
fis.sure,  but  soon  becomes  marked  by  deep  sulci  ;  and,  thus  interrupted,  may 
be  followed  round  the  posterior  extremity,  and  along  the  under  surface  of 
the  hemisphere  forwards  as  far  as  the  point  of  the  middle  lobe,  running 
parallel  for  some  space  with  the  under  portion  of  the  gyrus  fomicatus.  Two 
of  the  sulci  which  interrupt  the  marginal  convolution  are  very  constant, 
viz.,  the  vertical  fissure  with  the  fissure  of  the  liippocampi,  and  the  fissure 
of  Rolando. 

The  fissure  of  the  hippocampi  has  a  deep  origin  in  the  inner  margin  of  the 
middle  lobe  of  the  brain  between  the  fascia  dentata  and  the  gyrus  fornicatus, 
and  passing  backwards  crosses  that  gyrus  on  the  under  surface  of  the  brain,- 
behind  the  corpus  callosum,  and  proceeds  in  a  nearly  horizontal  course  along 
the  inner  face  of  the  hemisphere.  This  fissure  is  important  as  forming  the 
reverse  of  the  elevations  of  the  hippocampi  in  the  interior  of  the  brain,  and 
as  being  (according  to  Reichert)  produced  at  an  early  period  in  connection' 
with  the  general  development  of  the  hemispheres,  and  being  comparable 
therefore  rather  to  the  fissure  of  Sylvius  than  to  a  mere  sulcus.  The  pait 
of  the  gyrus  fornicatus  beneath  this  fissure  is  distinguished  as  the  qyrus 
hippocampi. 

The  fissure  of  Rolando  starting  from  behind  the  vertex  runs  outwards  and 
forwards  from  the  longitudinal  fissure,  so  that  the  right  and  left  grooves- 
form  a  V-shaped  Ime  open  in  front.  It  derives  its  importance  from  bein^ 
characteristic  of  the  form  of  the  brain  of  man  and  the  quadrumana,  and 
separating  two  considerable  convolutions,  which  extend  from  the  superior 
longitudinal  fissure  to  the  fissure  of  Sylvius.  These  convolutions,  peculiar 
to  the  greater  number  of  Simi.-«  and  attaining  their  fullest  development  in 
man,  constitute  the  anterior  and  posterior  transverse  or  anterior  and. 
posterior  ascending  parietal  convolutions. 
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Iho  vertical  f.. sure  of  recent  autliors  crosses  the  marginal  convolution  in  the 
posterior  part  ot  the  cerebrum,  extending  slightly  outwards  upon  its  upper  sm-face 
and  more  deeply  on  its  internal  aspect,  so  as  to  form  a  separation  between  the  so 
called  parietal  and  occipital  lobes. 

According  to  Foville  the  convolutions  may  be  arranged  in  four  principal  orders 
founded  m  a  great  measure  on  their  relative  connections  with  the  anterior  perforated 
space,  -which,  in  his  estimation,  is  a  part  of  the  highest  importance. 

Ihe  first  order  issues  from  the  perforated  space,  and  consists  of  two  portions  One 
large  and  vertical,  is  the  gyrus  fornicatus,  without  its  ascending  secondary  gyri  •  the 
other,_ short  and  horizontal,  is  the  slightly-elevated  ridge  which  bounds  the  perforated 
Bpace  in  front  and  on  the  outer  side. 


Fig.  365. 


Fig.  365. — Right  half  of  the  Beain  divided  by  a  Veetioal  Anteeo-Postkrioe 
Section  (from  various  sources  and  from  nature).  4 

1,  great  superior  or  marginal  convolution  ;  2,  convolution  of  the  corpus  callosum  ;  3, 
secondary  convolutions  running  between  this  and  the  preceding ;  within  the  numbers 
2,  2,  2,  the  corijus  callosum  ;  4,  the  fifth  ventricle  ;  5,  the  third  ventricle  (see  Fig.  377 
for  a  larger  view  of  these  parts)  ;  5',  pituitary  body  ;  6,  immediately  behind  the  corpora 
quadrigemina  and  pineal  gland  ;  + ,  the  fourth  ventricle  ;  7,  pons  Varolii ;  8,  medulla 
oblongata  ;  9,  cerebellum  ;  the  middle  lobe  showing  the  section  of  the  arbor  vitas  ;  I,  the 
olfactoiy  bulb  ;  II,  the  right  optic  nerve ;  the  commissure  cut  through  ;  III,  the  right 
nerve  of  the  third  pair. 

The  second  order,  also  consisting  of  two  portions,  commences  from  the  horizontal 
portion  of  the  first  order  on  the  limits  of  the  perforated  space.  One  part  corresponds 
with  the  marginal  convolution  of  the  longitudinal  fissure,  as  already  described,  except 
that  part  of  it  on  the  orbital  surface  of  the  anterior  lobe  which  lies  to  the  outer  side 
of  the  olfactoiy  sulcus ;  the  other  part  is  the  convolution  of  the  Sylvian  fissure. 

The  third  order  consists  of  two  sets,  of  which  one  occupies  the  inner  surface  of  the 
hemisphere,  and  connects  the  gyrus  fornicatus  in  its  whole  length  with  the  marginal 
convolution  of  the  longitudinal  fissure ;  the  other  set  lies  in  the  Sylvian  fissure,  forms 
the  island  of  Reil,  and.  connects  the  short  horizontal  portion  of  the  first  order  with 
the  convolution  surrounding  that  fissure. 

The  convolutions  of  the  fourth  order,  the  largest,  deepest,  and  least  symmetrical  of 
all,  are  quite  detached  from  the  perforated  space,  and  have  no  relation  to  the  first 
order  of  convolutions.     They  connect  the  two  convolutions  of  the  second  order 
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together,  viz.,  the  marginal  convolution  of  the  median  fissure  and  that  of  the  Sylvian 
fissure,  and  occupy  the  outer  or  convex  surface  of  the  cerebral  hemisphere. 

Leuret,  by  an  extended  comparison  of  the  brains  of  different  animals,  was  led  to 
divide  mammals  into  fourteen  groups,  according  to  the  disposition  of  the  convolutions. 

In  the  lowest  or  simplest  group,  including  the  bat,  mole,  and  rat,  the  Si/lvian 
Jismre  is  the  only  division  of  the  surface  present,  or  along  with  it  a  few  very  slight 
sulci.  In  a  higher  group,  containing  the  fox  and  dog,  and  presenting  in  a  marked 
form  the  typical  mode  of  division,  Leuret  recognises  a.s  fundamental  six  convolutions 
— four  external,  including  the  superior  marginal  and  that  of  the  fissure  of  Sylvius, 
and  two  internal,  viz.,  the  supraorbital  and  gyrus  fornicatus.  In  other  groups, 
together  with  various  other  modifications  of  form  by  subdivision  or  by  union  through 
supplemental  ones,  the  number  of  the  fundamental  convolutions  is  frequently  reduced 
to  five  or  to  four. 

In  the  brain  of  the  elephant,  on  the  other  hand,  placed  by  Leuret  in  the  thirteenth 
group,  he  recognises  the  superior  transverse  convolutions ;  and  in  the  last  group, 
comprehending  the  quadrumana,  these  transverse  convolutions  are  two  in  number, 
and  are  separated  by  the  groove,  named  by  Leuret  fissure  of  Rolando.  These  trans- 
verse or  ascending  parietal  convolutions  are  a  constant  and  well-marked  feature  of  the 
human  brain,  in  which  they  attain  their  highest  development. 


Fig.  366. 


Fig.  366. -Outline  or  the  Ihner  Surface  of  the  Right  Half  of  the  Braiw 
SHOWING  the  Principal  Lobes  and  Convolutions  according  to  Gratiolet  ' 
P,  frontal  lobe;  P,  parietal;  0,  occipital;  T,  temporal;  r,  fissure  of  Rolando-  f 
fronto-parietal  fissure  ;      mner  perpendicular  or  occipito-parietal  fissure  -  h  t^T'J' 

to  ?hSTost\st:it\;r    ^^ur    ^^^^  ^^^-^^^^^ 

external  surface  of  the  heSher^Te  i,?  Z  -  T"" 

parietal  above  the  fissure  oTSfvTus    t]>o  /  T      %  '''•1°'^°''  -^''^"'"^  '"''^ 

occipital  behind  it,  and  th    isla  J  ^f  it  fT^T'lTf  ^^'^^  ^''""'^  ' 

frontal  lobe  he  div  des  iato  au  orbitafanJ  Wt^^^  7'-^'''.  ^'^^ 

uuu      orouai  and  frontal  portion,  and  in  the  frontal  portion 
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distinguishes  a  superior,  middle,  and  inferior  tier  of  convolutions.  In  the  parietal 
lobe  are  the  anterior  and  posterior  cuicendinr]  convolutions  (convolution  of  llolando) 
surrounding  the  fissure  of  Rolando,  and  behind  these  a  curved  lobe.  In  the  temporo- 
sphenoidal  lobe  are  described  a  sicperior,  middle,  and  inferior  convolution,  lying 
parallel  to  the  fissure  of  Sylvius.  The  occipital  lobe  presents  also  three  tiers,  but  less 
distinct  than  those  of  the  frontal,  and  besides  these  are  four  convolutions  uniting  the 
occipital  and  parietal  lobes,  named  by  Gratiolet  j^^s  de  ijossage,  or  the  connecting 
convolutions. 

The  internal  surface  of  the  hemisphere  Gratiolet  divides  into  the  fronto-parielal 
lobe,  corresponding  in  extent  to  the  frontal  and  parietal  lobes  of  the  external  surface, 
and  limited  behind  by  the  internal  perpendicular  fussure,  the  occipital  lobe  between 
that  fissure  and  the  fissure  of  the  hippocampi ;  and  the  occipito-temporal  lobe, 
including  the  tentorial  surface,  and  extending  outwards  to  the  sphenoido-temporal 
lobe. 

It  is  to  be  remarked,  however,  that  the  divisions  and  nomenclature  of  Gratiolet, 
however  useful  they  may  be  for  the  purpose  of  explicit  comparison  of  the  convolu- 
tions of  the  human  brain  Avith  those  of  the  quadrumana,  the  study  in  which  the 
inventor  has  made  use  of  them,  are  yet  of  a  somewhat  artificial  description,  and  may 
not  be  applicable  to  a  more  extended  comparison  of  the  disposition  of  the  convolu- 
tions among  animals. 

From  Eeichert's  plates  it  is  apparent  that  the  internal  perpendicular  fissure  (occi- 
pito-parietal  of  Huxley)  is  the  upper  of  two  branches  into  which  the  fissure  of  the 
hippocampi  divides  posteriorly  in  its  first  development,  and  which  together  with 
that  fissure  constitutes  his  fissura  occipitalis.  The  inferior  branch,  the  posterior 
part  of  the  fissure  of  the  hippocampi,  is  the  calcarine  fissure  of  Huxley. 

Not  only  the  comparison  of  the  brain  of  man  with  those  of  other  animals,  but  like- 
wise the  comparison  of  human  brains  one  with  another  establishes  the  existence  of  a 
relation  between  mental  development  and  the  complication,  size,  and  depth  of  the 
cerebral  convolutions,  and  the  extent  of  the  grey  matter  contained  in  them. 

On  the  subject  of  the  cerebral  convolutions  the  reader  may  consult,  in  addition  to 
the  works  of  Arnold,  Tiedemann,  Foville  and  Eeichert,  that  of  Leuret  and  Gratiolet, 
"  Anat.  Comp.  du  Systfeme  Nerveux,  1839-57."  Gratiolet,  "Mem.  sur  les  Plis 
C6r6braux  de  I'Homme  et  des  Primates,  1854."  R.  Wagner,  "  Tiber  die  typischen 
Verschiedenh.  der  Windungen  der  Hemisphiiren,"  &c.,  Gotting.  1860-62.  Huschke, 
"  Schadel,  Hirn  und  Seele,"  1854  ;  Huxley,  "Brain  of  Ateles  paniscus,"  Proc.  of 
Zool.  Soc,  June,  1861;  J.  Marshall,  "  On  the  Brain  of  a  Bush-woman,  and  on  the 
Brains  of  two  Idiots,  &c.,"  Trans.  Roy.  Soc.  1863. 

Base  of  the  Ceeebrum. — ^When  the  brain  is  turned  with  its  base  upper- 
most, and  tbe  parts  of  wbich  it  is  composed  are  allowed  to  fall  slighily 
asunder  by  their  own  weight,  two  considerable  masses,  consisting  of  white 
substance  externally,  are  seen  emerging  together  from  the  fore  part  of  the 
pons  Varolii,  and,  separating  from  each  other  as  they  proceed  forwards  and 
outwards,  to  enter  the  inner  and  under  part  of  the  right  and  left  cerebral 
hemispheres.  These  white  masses,  which  axe  marked  on  the  surface  with 
longitudinal  striee,  and  have  somewhat  the  appearance  of  large  bundles  of 
fibres,  are  the  peduncles  or  crura  of  the  cerebrum.  Immediately  before 
entering  the  corresponding  hemisphere,  each  is  crossed  by  a  flattened  white 
cord,  named  the  optic  tract,  which,  adhering  by  its  upper  border  to  the 
peduncle,  is  directed  forwards  and  inwards,  and  meets  in  front  with  its 
fellow  of  the  opposite  side  to  form  the  optic  commissure,  from  the  fore  pai't 
of  which  the  optic  nerves  proceed. 

Limited  behind  by  these  diverging  peduncles,  and  in  front  by  the  con- 
verging optic  tracts,  is  a  lozenge-shaped  interval,  called  the  interpeduncular 
space,  in  which  are  found,  in  series  from  behind  forwards,  the  posterior  per- 
forated space,  the  corpora  albicantia,  and  the  tuber  cinereum,  from  which 
is  prolonged  the  infundibulum  attached  to  the  pituitary  body. 

The  posterior  perforated  space  (locus  perforatus  posterior)  is  a  deep  fossa 
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=.tuatecl  botweeu  the  poduucles,  the  bottom  of  which  is  composed  of  greytsh 
matter,  connecting  the  diverging  crura  together,  and  named  pons  ianni. 
It  is  perforated  by  numerous  small  openings  for  the  passage  of  blood-vessels, 
and  some  horizontal  white  strije  usually  pass  out  of  the  grey  matter  and  turn 
round  the  peduncles  immediately  above  the  pons. 


Fig.  367. 


Fig.  367. — Base  op  the  Brain  with  the  Origins  op  the  Cerebral  Nerves.  A 

This  figure  is  taken  from  an  adult  male  brain  which,  had  been  hardened  in  alcohol. 

1,  superior  longitudinal  fissure  ;  2,  fissure  of  the  olfactory  tract  and  lower  part  of  the 
superior  convolution  ;  2',  orbital  convolutions  ;  2",  external  or  inferior  frontal  convolu- 
tion ;  3,  inner  part  of  the  fissure  of  Sylvius,  near  the  anterior  perforated  spot ;  3,  3,  outer 
part ;  4,  inner  convolution  of  the  temporal  lobe  ;  4',  middle  convolution  ;  4",  outer  con- 
volution ;  5,  6',  occipital  lobe  ;  6,  on  the  right  pyramidal  body  of  the  medulla  oblongata 
above  the  decussation  ;  7,  amygdaloid  lobe  of  the  cerebellum  ;  8,  biventral  lobe ;  9, 
lobulus  gracilis;  10,  posterior  inferior  lobe;  the  inferior  vermiform  process;  I, 
olfactory  bulb  ;  I',  the  tract  divided  on  the  left  side,  showing  the  three  white  strias  by 
which  it  is  connected  with  the  brain  ;  II,  in  the  anterior  perforated  spot,  marks  the  right 
optic  nerve  ;  the  left  has  been  cut  short ;  III,  on  the  right  crus  cerebri,  denotes  the  third 
pair  ;  IV,  on  the  inner  convolution  of  the  middle  lobe,  the  fourth  pair ;  V,  the  trige- 
minus ;  VI,  on  the  pons  Varolii,  the  sixth  ;  VII,  also  on  the  pons  Varolii,  the  seventh  ; 
VIII,  on  the  left  lobe  of  tiie  cerebellum  below  the  horizontal  fissure  and  the  flocculus, 
denotes  the  eighth  pair ;  IX,  on  the  upper  part  of  the  right  amygdaloid  lobe,  denotes 
the  ninth  pair  ;  X,  on  the  same,  the  suboccipital  nerve. 

The  corpcn-a  albicantia  or  mammillaria  are  two  round  white  eminences  in 
front  of  this  fossa,  each  about  the  size  of  a  small  pea,  surrounded  by  grey 
matter,  and  connected  together  across  the  middle  line. 

The  corpora  albicantia  are  formed,  as  will  hereafter  be  explained,  bv  the  anterior 
extremities  of  the  fornix ;  hence  they  have  also  been  named  bulbs  of  the  foi  •nix.  In 
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the  foetus  they  are  at  first  blended  together,  and  they  become  separated  about  the 
begmning-  of  the  seventli  month.  In  most  vertebrate  animals  there  is  but  one  thUe 
eminence  or  corpus  albicans  in  their  place. 


Fig.    368. -View  from 

BEFORE    OP    THE  Me- 

UULLA  Oblongata, 
Pons  Varolii,  Chuua 
Cerkbri,  and  otuer 
Central  Portions  ok 

TUE  EnCEI'UALON. 

On  the  right  side  the 
convolutions  of  the  cen- 
tral lobe  or  island  of  Reil 
hiive  been  loft,  together 
with  a  small  part  of  the 
aiiteiior  ceiebral  convolu- 
tions :  on  the  left  side 
these  have  been  removed 
by  an  incision  carried 
between  the  thalamus 
opticus  and  the  cerebral 
hemisphere. 

I',  the  olfactory  tract 
cut  short  and  lying  in  its 
groove  between  two  con- 
volutions ;  II,  the  le(t 
optic  nerve  in  front  of 
the  commissure  ;  II',  the 
right  optic  tract ;  Th, 
the  cut  surface  of  the  left 
thalamus  opticus;  C,  the 
central  lobe  or  island  of 
Reil  ;  Sy,  fissure  of 
Sylvius ;  x  x ,  locus 
perforatus  anterior ;  e, 
the  external,  and  i,  the 
internal  corpus  genicu- 
latum  ;  h,  the  hypophysis 
cerebri  or  pituitary  body  ; 
tc,  tuber  einereum  with 
the  infundibulum  ;  a,  one 
of  the  corpora  albicantia  ; 
P,  the  cerebral  peduncle 
or  crus ;  /,  the  fillet  ; 
III,  close  to  the  left 
oculo-motor  nerve  ;  x , 
the  locus  perforatus  pos- 
ticus ;  P  V,  pons  Varolii ; 

V,  the  greater  root  of  the  fifth  nerve  ;  -I- ,  the  lesser  or  motor  root  ;  on  the  right  side 
this  +  is  placed  on  the  Gassei-ian  ganglion,  and  points  to  the  lesser  root,  where  it  proceeds 
to  join  the  infbrior  maxillary  nerve  ;  1,  ophthalmic  division  of  the  fifth  nerve  ;  2,  superior 
maxillary  division ;  3,  inferior  maxillary  division  ;  VI,  the  sixth  nerve  ;  VII  a,  the 
facial ;  VII  b,  the  auditory  nerve  ;  VIII,  the  pneumo-gastric  nerve  ;  VIII  a,  the  glosso- 
pharyngeal ;  VIII  b,  the  spinal  accessory  nerve  ;  IX,  the  hypoglossal  nerve  ;  fl,  the  floc- 
culus ;  fh,  the  horizontal  fissure  of  the  cerebellum  (Ce)  ;  am,  the  amygdala;  i)a,  the 
anterior  pyramid  ;  o,  the  olivary  body  ;  r,  the  restiform  body  ;  d,  the  anterior  median 
fissure  of  the  spinal  cord,  above  which  the  decussation  of  the  pyramids  is  represented  ; 
ca,  the  anterior  column  ;  cl,  the  lateral  column  of  the  spinal  cord  ;  CI,  the  suboccipital 
or  first  cervical  nerve. 

The  tuber  einereum  is  a  lamina  of  grey  matter  extending  forwards  from 
the  corpora  albicantia  to  the  optic  commissure,  to  which  it  is  attached,  and 
forming,  as  afterwards  described,  part  of  the  floor  of  the  third  ventricle, 
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In  the  middle  it  is  prolouged  into  a  hollow  couical  process,  the  infundi- 
bulum,  to  the  extremity  of  which  is  fixed  the  pituitary  body. 

The  pituitary  body  or  hypo2)hyds  cerebri,  formerly  called  pituitary  gland, 
from  its  being  erroneously  supposed  to  discharge  ■pituita  into  the  nostrils,  is 
a  small  reddish  grey  mass,  of  a  somewhat  flattened  oval  shape,  widest  in  the 
transverse  direction,  and  occupying  the  sella  turcica  of  the  sphenoid  bone. 
It  cousists  of  two  lobes,  of  which  the  anterior  is  larger,  and  concave  behind, 
where  it  embraces  the  smaller  posterior  lobe.  Its  weight  is  from  five  to  ten 
grains.     In  the  adult  it  is  solid,  and  of  a  firm  consistence. 

The  anterior  lobe  consists  of  two  kinds  of  matter,  one  hard  and  grey,  the 
other,  situated  within,  softer  and  of  a  yellowish  white  colour.  The  posterior 
lobe  is  darker  and  redder  than  the  anterior.     Both  are  very  vascular. 

The  pituitary  body  appears  to  approach  in  structure  to  the  vascular  or  duct- 
less glands,  such  as  the  thyroid  and  suprarenal  bodies,  &c.  According  to  Sharpey's 
observations,  with  which  those  of  subsequent  writers  agree,  it  differs  greatly  in 
structure,  at  least  in  its  antei'ior  and  larger  lobe,  from  any  other  part  of  the  ence- 
phalon.  The  substance  of  the  anterior  lobe  appears  to  be  constituted  by  a  mem- 
branous tissue  forming  little  round  cavities  or  loculi,  which  are  packed  full  of  nu- 
cleated cells.  The  loculi  are  formed  of  transparent,  simple  membrane,  with  a  few 
fibres  and  corpuscles  resembling  elongated  cell-nuclei  disposed  round  their  walls. 
The  cells  contained  in  the  cavities  are  of  various  sizes  and  shapes,  and  not  unlike 
nerve-cells  or  ganglion  globules ;  they  are  collected  into  round  clusters,  filling  the 
cavities,  and  are  mixed  with  a  semi-fluid  granular  substance.  This  thin  granular 
matter,  together  with  the  cells  and  little  specks  of  a  clear  glairy  substance  like 
mucus,  can  be  squeezed  from  the  cut  surface,  in  the  form  of  a  thick,  white,  cream-like 
fluid. 

In  the  foetus,  the  pituitary  body  is  proportionally  large,  and  contains  a  cavity 
which  communicates,  through  that  of  the  infundibulum,  with  the  third  ventricle. 
This  body  is  constantly  present,  and  has  the  same  connection  with  the  brain  in  all 
vertebrate  animals. 

In  the  middle  line  of  the  base  of  the  brain,  in  front  of  the  optic  commis- 
sure, is  the  anterior  portion  of  the  great  longitudinal  fissure,  which  passes 
down  between  the  hemispheres.  At  a  short  distance  in  front  of  the  com- 
missure, this  fissure  is  crossed  transversely  by  a  white  mass,  which  is  the 
anterior  recurved  extremity  of  the  corpus  callosum.  On  gently  turning  back 
the  optic  commissure,  a  thin  connecting  layer  of  grey  substance,  the  lamina 
ciiierea,  is  seen  occupying  the  space  between  the  corpus  callosum  and  the 
commissure,  and  continuous  above  the  commissure  with  the  tuber  cinereum. 
It  is  connected  at  the  sides  with  the  grey  substance  of  the  anterior  perforated 
space,  and  forms  part  of  the  anterior  boundary  of  the  third  ventricle  :  it  is 
somewhat  liable  to  be  torn  in  removing  the  brain  from  the  skull ;  and  in 
that  case,  an  aperture  would  be  made  into  the  fore  part  of  the  thii-d 
ventricle. 

At  a  short  distance  outwards  from  the  lamina  cinerea  is  the  anterior  per- 
forated spot  (locus  perforatus  anticus),  a  depression  near  the  entrance  of  the 
Sylvian  fissure,  floored  with  grey  matter,  and  pierced  with  a  multitude  of 
small  holes  for  the  passage  of  blood-vessels,  most  of  which  are  destined  for 
the  corpus  striatum,— the  deeper  portion  of  the  brain  beneath  which  it  lies 

The  grey  surface  of  each  perforated  space  is  crossed  by  a  broad  white 
band,  which  may  be  traced  from  the  middle  of  the  under  surface  of  the 
corpus  callosum  m  front,  backwards  and  outwards  along  the  side  of  the 
amina  cmcrea  towards  the  entrance  of  the  Sylvian  fissure.  These  bands  of 
the  two  sides  are  named  the  peduncles  of  the  corpus  callosum. 

When  the  entu-e  encephalon  is  viewed  from  below,  the  back  part  of  the 
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under  surface  of  the  cerebrum  is  concealed  by  the  cerebellum  and  the  pons 
Varolii  If,  however,  these  parts  be  removed,  it  will  be  seen  that  the  two 
hemispheres  of  the  cerebrum  are  separated  behind  as  they  are  in  front  by 
the  descent  of  the  groat  longitudinal  fissure  between  them,  and  that  this 
fissure  IS  arrested  by  a  cross  mass  of  white  substance,  forming  the  posterior 
extremity  of  the  corpus  callosum.  This  posterior  part  of  the  great  lou<'i- 
tudinal  fissure  is  longer  than  the  anterior  portion.  ° 

INTERNAL  PARTS  OF  THE  CEREBRUM. 

The  anatomy  of  the  interior  of  the  cerebrum  is  most  conveniently  studiecl 
by  removing,  after  the  manner  of  Vieussens  and  Vicq-d'Azyr,  successive 
portions  of  the  hemispheres  by  horizontal  sections,  beginning  from  above. 

Fi".  3C9. 


Fig.  369. — View  op  the  Corpus  Callosum  from  above  (from  Sappey  after  Foville).  4 

The  upper  surface  of  the  corpus  callosum  has  been  fully  exposed  by  separating  the 
cerebral  hemispheres  and  throwing  them  to  the  side ;  the  gyrus  fornicatus  has  been 
detached,  and  the  transverse  fibres  of  the  corpus  callosum  traced  for  some  distance  into 
the  cerebral  medullary  substance. 

1,  the  upper  surface  of  the  corpus  callosum  ;  2,  median  furrow  or  raphe  ;  3,  longi- 
tudinal strise  bounding  the  furrow  ;  4,  swelling  formed  by  the  transverse  bands  as  they 
pass  into  the  cerebrum  ;  5,  anterior  extremity  or  knee  of  the  corpus  callosum  ;  6,  pos- 
terior extremity  ;  7,  anterior,  and  8,  posterior  part  of  the  mass  of  fibres  proceeding  from 
the  corpus  callosum  ;  9,  margin  of  the  swelling ;  10,  anterior  part  of  the  convolution  of 
the  corpus  callosum  ;  11,  hem  or  band  of  union  of  this  convolution  ;  12,  internal  con- 
volutions of  the  parietal  lobe  ;  13,  upper  surface  of  the  cerebellum. 

The  first  horizontal  section,  to  be  made  about  half  an  inch  above  the 
corpus  callosum,  displays  the  internal  white  matter  of  each  hemisphere, 
speckled  with  red  spots  where  its  blood-vessels  have  been  divided,  and  sur- 
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rounded  on  all  sides  by  the  grey  matter  which  is  seen  to  follow  closely 
the  convoluted  surface,  and  to  be  of  nearly  equal  thickness  at  all  points. 
This  white  central  mass  in  each  hemisphere  was  named  by  Vicq-d'Azyr 
centrum  ovale  minus.  On  separating  the  remaining  portions  of  the  two 
hemispheres  from  each  other,  two  sulci  are  seen  to  exist  between  the  corpus 
callosum  and  the  gyri  immediately  in  contact  witli  it,  viz.,  the  gyrus 
fomicatus  of  each  side.  These  sulci  were  distinguished  by  the  older  anatomists 
as  ventricles  of  the  coi-pus  callosum. 

Another  section  being  made  at  the  level  of  the  corpus  callosum,  the 
white  substance  of  that  part  is  seen  to  be  continuous  with  the  internal 
medullary  matter  of  both  hemispheres  :  and  the  large  white  medullary  mass 
thus  displayed,  surrounded  by  the  border  of  cortical  substance,  constitutes 
what  is  generally  described  as  the  centrum  ovale  of  Vieussens. 

The  corpus  callosum  or  great  commissure  (trabs  cerebri)  is  a  white  struc- 
ture, with  a  length  not  quite  half  of  that  of  the  brain,  and  approaching 
about  two-fifths  nearer  to  the  front  than  the  back  of  the  hemispheres.  It 

Fig.  370. 


Fig.  370. -Horizontal.  Section  of  the  Brain  suowing  the  Lateral  Ventricles  and 
TUE  Fifth  Ventricle  opbnud  (from  Sappey  after  Vicq-d'Azyr).  f 

it  .^'<,*Vp«ff'V^'°'"'''  '  ^'  ^^"^  ^''""'"'^  °^  ^sPt*!"!  '"cidum  meetinK  in  front  of 
It,  3,  lesser  hippocampus  of  the  poster  or  cornu  •  4  Imi-lrrmtni  .o„r         iu  . 
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where  it  is  nearly  half  an  inch.  It  is  arched  from  before  backwards.  Its 
upper  surface  is  distinctly  marked  by  transverse  furrows,  which  indicate 
the  direction  of  the  greater  number  of  its  fibres.  It  is  also  marked  in  the 
middle  by  a  slight  longitudinal  groove,  the  rajphe,  which  is  bounded  laterally 
by  two  white  tracts,  placed  close  to  each  other,  named  stricz  longitudinales, 
or  nerves  of  Lancisi.  On  each  side,  near  the  margin,  ai-e  seen  other 
longitudinal  lines  (striae  longitudinales  laterales)  occasioned  by  a  few  scanty 
white  fibres. 

In  front,  the  corpus  callosum  is  reflected  downwards  and  backwards, 
between  the  anterior  lobes,  forming  a  bend  named  the  genu.  The  inferior 
or  reflected  portioia,  which  is  named  the  rostrum,  becomes  gradually  nar- 
rower as  it  descends,  and  is  connected  by  means  of  the  lamina  cinerea  with 
the  optic  commissure.  It  also  gives  off  the  two  bands  of  white  substance, 
already  noticed  as  the  peduncles  of  the  corpus  callosum,  which,  diverging 
from  one  another,  run  backwards  across  the  anterior  perforated  space  on 
each  side  to  the  entrance  of  the  Sylvian  fissure. 


Fig.  371. 


semicircularis  ;  y,  eminentia  coUateralis. 


Fig.  371. — The  Laterai. 
Ventricles  opened  by 
A  Horizontal  Section, 
AND  the  Middle  Cornu 

EXPOSED  ON  THE  RIGHT 
SIDE.  i 


a,  b,  anterior  and  pos- 
terior parts  of  the  great 
longitudinal    fissure  ;  c, 
section  of  tlie  anterior  part 
of  the  corpus  callosum  ;  d, 
posterior  part  of  the  same  ; 
e,  the  left  choroid  plexus  ; 
/,  the  fornix  ;  g,  the  an- 
terior,   h,    the  posterior, 
and    q,    the  descending 
cornu  of  the  lateral  ven- 
tricle ;     k,     Ic,  corpora 
striata  ;   I,  I,  optic  tha- 
laini  ;  n,  ii,  riglrt  and  left 
hippocampus    minor ;  o, 
posterior  pillar  of  the  for- 
nix ;  V,  the  corpus  fimbri- 
atum  into  which  it  passes  ; 
q,  cornu  ammonis  or  pes 
hippocampi ;  li,  the  medul- 
lary substance  of  the  cere- 
bral hemisphere  ;  r,  part 
of  the  cortical  substance 
showing  alternate  grey  and 
white  matter ;  s,  s,  taenia 


Behind,  the  corpus  callosum  terminates  in  a  free  thickened  border  {bour- 
relet,  pad),  the  under  surface  of  which  is  also  free  for  a  short  distance 

^"^Thr^under  surface  of  the  corpus  callosum  is  connected  behind  with  the 
fornix  a  structure  to  be  presently  described,  and  in  the  rest  of  its  length 
with  the  septum  lucidum,  a  vertical  partition  between  the  two  lateral  ven- 
tricles. 
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Although  it  presents  a  few  longitudinal  white  fibres  on  its  surface,  the  corpus  cal- 
losum  consists  almost  entirely  of  fibres  having  a  transverse  course  towards  each  side, 
and  spreading  in  a  radiating  manner  into  the  substance  of  the  two  hemispheres.  As  the 
transverse  fibres  from  the  anterior  and  posterior  lobes  of  the  cerebrum  are  necessarily 
aggregated  in  large  numbers  near  the  corresponding  ends  of  the  corpus  callosum,  its 
greater  thickness  at  those  points,  in  comparison  with  the  rest  of  its  extent,  is 
accounted  for ;  and  since  the  posterior  lobe  reaches  further  beyond  the  corpus  callo- 
sum than  the  anterior,  the  greater  thickness  behind  is  also  explained. 

Lateral  Ventricles,  or,  ventrimli  tricornes. — By  dividing  tlie  fibres  of 
the  corpus  callosum  in  a  longitudinal  direction  at  a  short  distance  on  each 
side  of  the  middle  line,  and  about  midway  between  the  two  ends  of  the 
hemispheres,  an  opening  is  made  into  the  right  and  left  lateral  ventricles  of 
the  brain.  These  ventricles  form  part  of  the  general  ventricular  space 
within  the  cerebrum  ;  they  are  serous  cavities,  and  are  lined  by  a  delicate 
epitheliated  structure,  the  epeihdyma  veni/riculorum,  which  at  certain  parts  in 
the  adult,  and  probably  throughout  its  whole  extent  in  the  foetus,  is  pro- 
vided with  cUia.  In  the  natural  state,  the  walls  of  the  ventricles  ai-e  moist- 
ened internally  with  a  serous  fluid,  which  sometimes  exists  in  considerable 
quantity,  even  in  a  healthy  brain. 

It  was  formerly  a  subject  of  dispute  whether  the  lining  of  the  ventricles  consisted 
of  epithelium  only,  or  also  of  a  membrane.  The  progress  of  the  histology  of  the 
brain  has  solved  the  problem  in  a  manner  which  leaves  the  disputants  on  both  sides 
partially  in  the  right.  It  is  now  recognised,  that  a  peculiar  form  of  connective  tissue  is 
found  throughout  the  substance  of  the  brain,  similar  to  that  which  has  been  described  in 
the  spinal  cord.  A  layer  of  this  substance,  unmixed  with  nerve  tissues,  but  in  direct 
continuity  with  the  interstitial  web,  and  not  a  distinct  membrane,  supports  the 
epithelium.  It  is  of  the  same  nature  as  the  substance  immediately  surrounding  the 
central  canal  of  the  spinal  cord,  and  is  named  by  Virchow  neuroglia  (Virchow's 
"  Cellular  Pathology,"  by  Chance,  p.  273). 

The  form  of  the  epithelial  cells  appears  to  vary  in  different  parts,  these  cells 
being,  according  to  Kblliker,  of  the  flat  pavement  kind  in  the  third  ventricle,  and 
more  spherical  in  the  lateral  ventricles ;  and,  according  to  Gerlach,  cylindrical  in  the 
aqueductus  Sylvii. 

From  the  central  part  or  body  of  each  lateral  ventricle  the  cavity  is 
extended,  into  each  of  the  three  lobes  of  the  hemisphere,  thus  forming 
an  anterior,  a  posterior,  and  a  middle  or  descending  cornu. 

The  body  of  each  lateral  ventricle  is  roofed  in  by  the  corpus  callosum,  and 
is  separated  from  its  fellow  by  a  vertical  partition,  the  septum  lucidum., 
•which  descends  from  the  corpus  callosum  to  the  fornix.  In  the  floor  of  the 
ventricle  there  is  seen  most  posteriorly  one  half  of  the  fornix,  which  is  a 
thin  layer  of  white  brain-substance,  broad  behind  and  narrow  in  front  : 
external  and  anterior  to  this  is  the  choroid  plexus  of  the  lateral  ventricle,  a 
red  vascular  fringe,  forming  the  border  of  the  velum  interpositum,  a  fold 
of  pia  mater  extending  inwards,  on  which  the  fornix  rests  :  external  and 
anterior  to  the  choroid  plexus  is  the  anterior  and  outer  part  of  the  optic 
thalamus,  appearing  from  beneath  it  :  outside  and  in  front  of  the  thalamus 
IS  the  corpus  striatum ;  and  between  those  two  bodies  is  a  narrow  flat 
band,  the  tmma  semicirctdaris. 

^J!Z  Trnr  ^^""-^  extremity  of  the  ventricle,  pro- 

jecting a  httlo  way  into  the  anterior  lobe.  It  is  covered  by  the  corpus 
callosum,  and  turns  forwards  and  outwards  round  the  anterior  free  extremity 

tl  at  bodT'^ri  bounded  behind  by 

that  body  and  m  front  by  the  reflected  part  of  the  corpus  callosum. 

iho  middle  or  descending  cornu  turns  round  tho  back  part  of  the  optic 
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thalamus,  which  appears  in  its  cavity  and  forms  its  anterior  boundary, 
while  its  remahiing  boundaries  are  formed  by  the  hemisphere.  At  its  com- 
mencement it  is  directed  backwards  and  outwards,  then  passing  downwards 
with  a  sweep,  it  curves  forwards,  and  at  its  extremity  has  a  marked  inclina- 
tion inwards.  The  principal  object  seen  upon  the  floor  of  this  cornu  is  the 
Mpjyocampus  major  (pes  hippocampi,  or  cornu  ammonis),  a  large  white 
emiuence  extending  the  whole  length  of  the  cornu.  The  hippocampus 
major  becomes  enlarged  towards  its  anterior  and  lower  extremity,  and  is 
indented  or  notched  on  its  edge,  so  as  to  present  some  resemblance  to  the 
paw  of  an  animal,  whence,  no  doubt,  its  name  of  pes  hippocampi.  The 
white  fibres  of  its  surface  are  directed  obliquely  backwards  and  outward's 
across  it  :  they  form  only  a  thin  smooth  layer,  and  beneath  them  is  cineritious 
matter  continuous  with  that  of  the  surface  of  the  hemisphere.  Along  the 
inner  edge  of  this  eminence  is  seen  a  narrow  white  band,  named  corpus 
fimhriahtm  or  tasnia  hippocampi,  which  is  prolonged  from  the  fornix  ;  to  the 
inner  side  of  the  taenia  is  a  part  of  the  choroid  plexus,  and  next  to  that  the 
back  of  the  optic  thalamus.  This  cornu  difi'ers  from  the  others  in  respect 
that  it  is  not  a  mere  cul-de-sac,  but,  by  the  mere  separation  of  the  mem- 
branes, can  be  made  to  communicate  in  its  whole  length  with  the  surface 
of  the  brain  by  the  fissure  through  which  the  choroid  plexus  enters. 

Fig.  372. — A  Deep  View  op 
THE  Lateral  Ventricles 
and  their  cornua  with  the 
Velum  Intbrpositum,  4 

The  fornix  has  been  divided 
near  its  anterior  pillars  and 
turned  back,  c,  the  anterior 
part  of  the  corpus  callosum 
divided ;  e,  the  lyra  on  tbe 
lower  surface  of  the  corpus 
callosum  and  fornix  ;  /,  ante- 
rior pillars  of  the  fornix  divided 
(these  are  represented  of  too 
large  a  size)  ;  c/,  anterior,  and 
h,  posterior  cornu  of  the  lateral 
ventricle  ;  k,  k,  corpora  striata ; 
q,  pes  hippocampi  in  the  lower 
part  of  the  middle  cornu  ;  r,  r, 
thalami  optici ;  s,  s,  taenia  se- 
micircularis ;  t,  t,  choroid 
plexus  ;  V,  velum  interpositum  ; 
X,  X,  posterior  pillars  of  the 
fornix;  y,  emiaentia  coUate- 
ralis. 

The  posterior  cornu  pro^- 
jects  backwards  into  the 
substance  of  the  posterior 
lobe.  At  its  extremity  it 
is  pointed,  and  directed  inwards.  On  the  inner  side  of  its  floor  is  a  curved 
and  pointed  longitudinal  eminence,  named  hippocampus  minor,  ergot,  or 
calcar  avis  ;  and  at  the  junction  of  the  posterior  with  the  descending  cornu, 
between  the  hippocampus  major  and  minor,  is  a  smooth  eminence,  named 
eminentia  coUateralis,  or  pes  accesso^-ius. 

The  hippocampus  minor  is  only  the  convex  side  of  the  fold  which  forms 
the  calcarine  sulcus,  and  part  of  the  sulcus  of  the  hippocampi ;  and  in  like 


Fig.  372. 


THE  SEPTUM  LUCIDUM.— THE  FORNIX. 


545 


manuer  tho  emiiieutia  collateralis  coiTCspouda  with  the  posterior  branch  of 
the  fissure  of  Sylvius. 

As  some  discussion  has  recently  taken  place  in  this  country  with  regard  to  the 
value  of  the  presence  of  the  hippocampus  minor  in  man,  as  a  distinctive  character  of 
the  human  brain,  it  may  bo  well  to  mention  that  this  structure  has  been  found  even 
in  the  brains  of  quadrumana  which  do  not  belong  to  the  highest  group.  In  the 
human  subject  the  posterior  cornu  varies  greatly  in  size,  and  the  hippocampus  minor 
is  still  more  variable  in  its  development,  being  sometimes  scarcely  to  be  recognised, 
and  at  others  proportionally  large.  It  is  usually  most  developed  where  the  posterior 
cornu  is  longest :  but  length  of  the  posterior  cornu,  and  prominence  of  the  hip- 
pocampus minor,  by  no  means  occur  in  proportion  to  the  dimensions  of  the  hemi- 
sphere, but  rather  seem  to  be  associated  with  thinness  of  both  the  medullary  and 
cortical  substance. 

The  septum  hicidum  is  a  thin  translucent  partition,  placed  between  the 
two  lateral  ventricles.  It  extends  vertically  between  the  corpus  callosum 
above,  and  the  anterior  part  of  the  fornix  below  ;  and  as  the  latter  sinks 
down  in  front  away  from  the  corpus  callosum,  the  septum  is  deep  before 
and  narrow  behind.  Anteriorly  it  lies  in  the  hollow  of  the  bend  of  the 
corpus  callosum,  in  front  of  the  fornix. 

The  septum  lucidum  is  double,  being  composed  of  two  distinct  laminae, 
having  an  interval  between  them,  which  contains  fluid  and  is  lined 
by  an  epitheUated  membrane.  This  is  the  fifth  ventricle,  ventricle  of  the 
septum,  or  Sylvian  ventricle. 

Each  of  the  laminae  of  the  septum  which  form  the  sides  of  the  fifth  ven- 
tricle, consists  of  an  internal  layer  of  white  substance  and  an  external  layer 
of  grey  matter. 

In  the  human  embryo,  and  also  in  some  animals,  the  cavity  of  this  ventricle  com- 
municates with  that  of  the  third  ventricle  in  front  and  below;  but  in  the  adult  human 
brain  it  forms  a  separate  and  insulated  cavity.  Tarin  described  a  small  fissure  in  it 
between  the  pillars  of  the  fornix ;  but  this  is  unusual.  In  disease  it  is  sometimes 
distended  with  fluid. 

The  fornix  is  an  arched  sheet  of  white  longitudinal  fibres,  which  ai^pears 
partly  in  the  floor  of  both  lateral  ventricles.  It  consists  of  two  lateral 
halves,  which  are  separated  from  each  other  in  front  and  behind,  but 
between  those  points  are  joined  together  in  the  mesial  plane.  The  two 
parts  in  front  form  the  anterior  pillars  of  the  fornix  ;  the  middle  conjoined 
part  is  named  the  hody  ;  and  the  hind  parts,  which  are  again  separated  from 
each  other,  form  the  posterior  pillars. 

The  body  of  the  fornix  is  triangular  in  shape,  being  broad  and  flattened 
behind,  where  it  is  connected  with  the  under  surface  of  the  corpus  callosum 

and  narrower  in  front  as  it  dips  down  to  leave  that  body,  the  space 

between  them  being  filled  up  by  the  septum  lucidum.  Its 'lateral  ed'aes 
are  in  contact  with  the  choroid  plexuses,  and  its  under  surface  rests  up°on 
the  velum  interpositum. 

The  anterior  crura  or  pillars  of  the  fornix,  cylindrical  in  form  descend 
slightly  apart  from  each  other,  through  a  quantity  of  grey  matter  on  the 
sides  of  the  third  ventricle,  between  the  corpora  striata  ;  and,  curving  back- 
wards as  tiiey  descend,  reach  the  corpora  albicantia.  There  each  crus  turns 
upon  Itself,  making  a  twisted  loop  which  forms  the  white  portion  of  the 
corpus  a  bicans  of  its  own  side,  and  ascends  to  enter  the  substance  of  the 
optic  thalamus  These  crura  are  connected  with  the  peduncles  of  the  pineal 
gland,  and  with  the  taenia  semicircularis,  as  will  be  afterwards  described 
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Tmmediatoly  behind  the  anterior  pillars,  where  they  descend,  the  fornix, 
which  further  back  rests  upon  the  optic  thalami,  the  velum  interpositum 
alone  intervening,  has  an  interval  on  each  side  left  between  it  and  the 
groove  where  the  optic  thalamus  and  corpus  striatum  meet.  This  interval 
leads  from  the  lateral  ventric'e  to  the  third  ventricle, — the  space  between  the 
thalami  and  beneath  the  velum  interpositum.  The  openings  of  opposite 
sides,  passing  downwards  and  backwards,  meet  in  the  middle  line  below, 
and  thus  is  produced  a  passage,  single  below,  but  dividing  into  two 
branches  above  somewhat  like  the  letter  Y,  and  forming  a  communication 
between  the  third  ventricle  and  both  lateral  ventricles.  This  passage  is 
named  the  foramen  of  Monro,  or  foramen  comrmme  anterius. 


Fig.  373. 


Fig.  373,  A. — Lower  and  Back  Part  op  the 
Cerebrum  op  the  Left  Side,  showing  the 
Posterior  and  Middle  Cornua  op  the 
Lateral  Ventricle  opened  (altered  from 
Hirschfeld  and  Leveille).  4 

1,  1',  inner  convolution  of  the  temporal  lobe 
turning  round  into  the  convolution  of  the  gyrus 
fornicatus,  and  showing  on  its  surface  the 
reticulated  structure  ;  2,  cut  surface  of  the 
cerebral  hemisphere  ;  3,  point  of  the  posterior 
cornu  of  tlie  lateral  ventricle  ;  3',  eminentia 
collateralis  ;  4,  cut  surface  of  the  lower  and 
back  part  of  the  corpus  callosum  divided  near 
the  middle  ;  4',  placed  on  the  extension  of  the 
corpus  callosum  into  the  cerebral  hemisphere, 
points  by  a  line  to  the  hippocampus  minor  in 
the  posterior  cornu  ;  5,  cut  edge  of  the  posterior 
pillar  of  the  fornix  passing  down  at  5',  into 
the  hippocampus  major  and  corpus  fiiiibriatum; 
C,  continuation  of  the  corpus  fimbriatum  or 
tajnia  hippocampi;  6',  pes  hippocampi;  7, 
fascia  dentata  on  the  inside  of  the  white  sub- 
stance of  the  toBnia. 

Fig.  373,  B. — Section  op  the  Hippocampus 
Major  to  show  the  arrangement  op  the 
Grey  and  White  Substance  (from  Mayo). 

a,  white  layer  on  the  surface  of  the  hippo- 
campus ;  b,  grey  substance  which  is  involuted 
from  the  surface  of  the  neighbouring  convolution  ; 
c,  fascia  dentata ;  d,  white  reticulated  sub- 
stance of  the  lower  part  of  the  gyrus  fornicatus; 
e,  cavity  of  the  lateral  ventricle. 


The  2^osterior  crura  or  pillars  of  the 
fornix  are  the  diverging  continuations 
backwards  of  the  two  flat  lateral  bands 
of  which  the  body  is  composed.  At 
first  they  adhere  to  the  under  surface  of  the  corpus  callosum,  then  curving 
outwards,  each  cms  enters  the  descending  cornu  of  the  corresponding 
lateral  ventricle,  and  is  prolonged  as  a  nan-ow  band  of  white  matter,  named 
toinia  hippocampi  or  corpus  fimbriatum,  which  is  situated  on  the  inner 
margin  of  the  hippocampus  major,  and  extends  to  the  extremity  of  that 
structure. 

On  examining  the  under  surface  of  the  fornix  and  corpus  callosum,  there 
is  seen  posteriorly  the  thickened  border  or  pad,  and  in  front  of  it  the  diverging 
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halves  of  the  fornix,  between  which  a  triangular  portion  of  the  corpus 
callosum  appears,  marked  with  transverse,  longitudinal,  and  oblique  lines. 
To  this  part  the  term  lijru  has  been  applied. 

The  transverse  fissure  of  the  cerebrum  is  the  passage  by  wliich  the  pia 
mater  passes  from  the  surface  into  the  ventricles  of  the  brain  to  form  the 
choroid  plexus.  It  may  bo  laid  open  in  its  whole  extent,  after  the  lateral 
ventricles  have  been  opened,  by  completely  dividing  the  fornix  and  corpus 
callosum  in  the  middle  line,  and  raising  the  divided  parts  from  the  undis- 
turbed velum  interpositum  below.  It  will  then  be  found  that,  in  like 
manner,  the  posterior  and  middle  lobes  of  the  brain,  including  hippocampus 
major  and  corpus  iimbriatum,  may  be  raised  from  the  subjacent  parts  as  far 
as  the  extremity  of  the  descending  cornu  of  the  lateral  ventricle.  The 
transverse  fissure  is,  therefore,  a  fissure  extending  from  the  extremity  of  the 


Fig.  374. -View  of  thk  Uppkr  Sukpaob  of  tub  Velum  Interpositui*,  Choroid  Plexus 
AND  Corpora  Striata  (from  Sappey  after  Vicq-d'Azyr).  a  ' 
1,  fore  part  of  the  tela  choroidea  or  velum  interpositum  :  2,  choroid^lexus  •  ^  Ipft 
vein  of  Galen  partly  covered  by  the  right ;  4,  small  veins  from  thl Tnnt  nf  tL'  ' 
callosum  and  the  septum  lucidura  ;  5  veins  from  IhTJ  /  •  I  "J  """"P"^ 
marginal  vein  of  the  choroid  plexus  7  vein  ril  nj from  theZl  ''"^^^.-^  ^'  '''T^^''^ 
striatum  ;  8,  vein  proceeding  from  the  Inferior  form,  .n  1  opticus  and  corpus 

from  the  posterior  cornu  ;   10,  anterior  SarsT  ,;  /  '^?1'P"?*™P"«. '"^Jor  J  9. 
foramen  of  Mnnrn  •  11  t^r-L\^  v  '"'^  pillars  ot  the  fornix  divided  in  front  of  the 

chorL  plexus  aa  it  desceuds7uJo  ihnLrior  cTnu  '"'" 
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descending  coruu  on  one  side,  over  the  constricted  part  of  the  cerebrum,  to 
the  extremity  of  the  descending  coruu  of  the  other  side.  It  is  bounded 
above  by  the  corpus  callosum  and  fornix  iu  the  middle,  and  more  externally 
on  each  side  by  a  free  margin  of  the  hemisphere  :  inferiorly  it  is  bounded 
near  the  middle  line  by  the  corpora  quadrigemina,  and  on  each  side  by  the 
crus  cerebri  and  posterior  part  of  the  optic  thalamus. 

In  the  f  ree  manjin  of  the  hemisphere  brought  into  view  by  opening  out  the 
part  of  the  transverse  fissure  which  leads  into  the  descending  cornu  of  the 
lateral  ventricle,  there  are  seen  (1st)  the  ribbon-like  ledge  formed  by  the 
corpus  fimbriatum,  internal  to  the  hippocampus  major  ;  (2nd)  beneath  this, 
a  small  grey  indented  ridge,  the  fascia  dentata  ;  and  (3rd)  beneath  the 
fascia  dentata  the  gyrus  hippocampi.  On  making  a  transverse  section,  it  is 
seen  that  the  corpus  fimbriatum  is  the  free  margin  of  the  white  substance  of 
the  hemisphere,  and  that  the  fascia  dentata  is  the  free  margin  of  the  cortical 
substance,  and  is  continuous  with  the  grey  matter  of  the  hippocampus 
major,  and  that  thus  the  hippocampus  major  is  the  swelling  in  reverse  of 
the  sulcus  between  the  fascia  dentata  and  gyrus  hippocampi.  The  fascia 
dentata  can  be  traced  up  to  the  pad  or  bourrelet  :  its  upper  part  is  free  of 
dentations,  and  is  sometimes  named  fasciola  cinerea.  The  dentations  cor- 
respond with  blood-vessels  passing  to  and  from  the  choroid  plexus. 

The  velum  interpositum  or  tela  choroidea,  the  membrane  which  connects 
the  choroid  plexuses  of  the  two  sides  together,  is  a  prolongation  of  the  pia 
mater  through  the  transverse  fissure.  It  corresponds  in  extent  with  the 
fornix,  which  rests  upon  its  upper  surface  ;  and  its  more  highly  vascular 
free  borders,  projecting  into  the  lateral  ventricles,  form  the  choroid  plexuses. 

The  choroid  plexuses  appear  like  two  red  knotted  fiinges,  reaching  from 
the  foramen  of  Monro,  where  they  meet  together  beneath  the  fornix,  to  the 
point  of  each  descending  cornu.  They  consist  of  a  highly  vascular  villous 
membrane.  The  villi  with  which  they  ai-e  covered  are  again  divided  upon 
their  surfaces  and  at  their  borders  into  smaller  processes,  along  which  fine 
vessels  are  seen  to  run.  Numerous  small  vessels  pass  between  the  plexuses 
and  the  surface  of  the  corpora  striata,  as  well  as  other  neighbouring  parts,  and 
th.e  epithelium  of  the  ventricles  is  coutiuued  over  their  surface.  Thus  it  is 
only  at  the  foramen  of  Monro  that  the  epithelial  lining  of  the  lateral  ven- 
tricles is  continuous  with  that  of  the  third  ventricle. 

The  epithelium  changes  its  character  where  it  covers  the  plexus.  It  is  there 
composed  of  large  spheroidal  corpuscles,  in  each  of  which  is  seen,  besides  a  distinct 
nucleus,  several  yellowish  granules,  and  one  or  more  dark  rouad  oil-drops.  Accord- 
ing to  Henle  each  of  these  cells  is  provided  with  short,  slender,  acuminate,  tran- 
sparent, and  colourless  processes. 

On  raising  the  velum  interpositum,  two  slight  vascular  fringes  are  seen 
running  along  its  under  surface,  and  diverging  from  each  other  behind. 
They  form  the  choroid  plexuses  of  the  third  ventricle. 

The  choroid  "artery  enters  the  velum  interpositum  at  the  point  of  the 
descending  cornu  ;  and  other  arteries  enter  from  behind,  beneath  the  corpus 
callosum.  The  greater  number  of  the  veins  terminate  in  two  principal 
vessels  named  the  veins  of  Galen,  which  run  backwards  on  the  velum  inter- 
positum, and  passing  out  beneath  the  corpus  callosum  pour  their  blood  into 
the  straight  sinus,  having  generally  first  united  into  a  single  trunk. 

Bichat  supposed  that  the  arachnoid  membrane  entered  the  third  ventricle  in  the 
form  of  a  tubular  process,  which  passed  beneath  the  posterior  end  of  the  corpus 
callosum  and  fornix,  through  the  velum  interpositum,  and  thus  opened  into  the 
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upper  and  back  part  of  the  third  ventricle.  The  existence  of  this  canal,  named  the 
canal  of  Bichat,  is  no  longer  admitted. 

The  velum  having  been  removed,  the  optic  thalami  are  brouglit  fully  into 
view,  together  with  the  cavity  of  the  third  ventriclo  situated  between 
them,  while,  behind  the  third  ventricle,  between  it  and  the  upper  suriace  ot 

Fig.  375. 


Fig.  375. — Dissection  op  the  Brain  from  above,  exposino  the  Lateral,  Third  Aivn 
Fourth  Ventriclks,  with  the  scRROUNDiNa  parts  (from  Hirschfeld  and  Leveille).  4 

a,  the  anterior  part  or  knee  of  the  corpus  callosum  divided  ;  its  fibres  are  seen  spreading 
on  each  side  into  the  cerebral  hemispheres ;  6,  anterior  part  of  the  surface  of  the  right 
corpus  striatum  in  the  anterior  cornu  of  the  lateral  ventricle  ;  b',  the  same  on  the  left 
side,  in  which  the  grey  substance  has  been  dissected  so  as  to  show  the  peduncular  medul- 
lary fibres  spreading  through  the  corpus  striatum  into  the  cerebral  hemisphere ;  c,  points 
by  a  line  to  the  tsenia  semicircularis  ;  d,  surface  of  the  thalamus  opticus  ;  e,  the  anterior 
pillars  of  the  fornix  divided  ;  below  they  are  seen  descending  in  front  of  the  third  ven- 
tricle, and  tetween  them  is  seen  a  part  of  the  anterior  commissure  ;  above  the  letter 
is  seen  the  fifth  ventricle  represented  as  a  slit  between  the  two  laminas  of  the  septum 
lucidum  ;/,  placed  on  the  soft  or  middle  commissure  ;  y,  in  the  posterior  part  of  the  third 
ventricle  ;  on  either  side  of  this  letter  is  the  white  stria  or  peduncle  of  the  pineal  gland  ; 
immediately  below  the  letter  is  the  small  posterior  commissure  and  the  pineal  gland  ;  /t, 
the  upper,  and  i,  the  lower  of  the  corpora  quadrigemina  ;  Ic,  processus  a  cerebello  ad 
cerebrum  ;  and  close  to  this  the  valve  of  Vieussens,  which  is  partly  divided  by  a  median 
incision  along  with  the  middle  lobe  of  the  cerebellum,  so  as  to  open  up  the  fourth  ven- 
tricle ;  /,  the  hippocampus  major  and  corpus  fimbriatum  separated  from  the  posterior 
pillar  of  the  fornix  and  descending  into  the  middle  cornu  of  the  lateral  ventricle  ;  m, 
posterior  cornu  of  the  lateral  ventricle  and  hippocampus  minor  ;  n,  eminentia  collateralis ; 
0,  the  cavity  of  the  fourth  ventricle  ;  p,  posterior  surface  of  the  medulla  oblongata  ;  r, 
section  of  the  raiddie  lobe  showing  the  arbor  vitas ;  s,  upper  surface  of  the  cerebellum 
brought  into  view  on  the  left  side  by  the  removal  of  a  considerable  part  of  the  posterior 
cerebral  lobe. 
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the  cerobellum,  are  seen  the  pineal  body,  the  corpora  quadrigemina,  the 
valve  of  Vieusseus,  and  the  processus  a  cerebello  ad  cerebrum 

The  THiUD  VENTiucLE  is  a  narrow  longitudinal  cleft  placed  between  the 
optic  tha  ami,  which  bound  it  0.1  its  two  sides.  It  is  covered  above  by  the 
velum  interpositum  and  the  fornix.  Beneath,  its  floor  is  formed  by  the 
followmg  parts,  which  have  been  already  described  as  seen  on  the  base  of 
the  cerebrum,  viz.,  commencing  from  behind,  the  posterior  perforated  space, 
the  corpora  albicantia,  the  tuber  cinereura  and  infundibulum,  and  the 
lamina  cmerea,  the  last  of  which  also  serves  to  close  it  in  front,  as  high  as 
the  anterior  commissure.  Behind,  is  the  anterior  opening  of  the  aqueduct 
of  Sylvius.  The  cavity  is  crossed  by  three  commissures,  named  from  their 
position,  anterior,  middle,  and  posterior. 

The  middle  or  soft  commisstire  is  composed  almost  entirely  of  grey 
matter,  and  connects  the  two  thalami.  It  is  variable  in  size,  and  some- 
times wanting  ;  it  is  frequently  torn  across  in  examining  the  brain. 

The  anterior  commissure  is  a  round  bundle  of  white  fibres,  placed  imme- 
diately in  front  of  the  anterior  pillars  of  the  fornix,  and  crossing  between  the 
corpora  striata.  It  marks  the  anterior  boundary  of  the  ventricle  ;  its  fibres 
extend  laterally  through  the  corpora  striata,  a  long  way  into  the  substance 
of  the  cerebral  hemispheres. 

The  posterior  commissu,re,  also  white  but  of  smaller  size,  is  placed  across 
the  back  part  of  the  ventricle,  immediately  before  and  below  the  pineal 
body,  with  which  and  with  the  corpora  quadrigemina  it  is  intimately 
connected. 

The  corpora  striata,  situated  in  front  and  to  the  outer  side  of  the  optic 
thalami,  are  two  large  ovoid  masses  of  grey  matter,  the  greater  part  of  each  of 
which  is  embedded  in  the  middle  of  the  white  substance  of  the  hemisphere 
of  the  brain,  whilst  a  part  comes  to  the  surface  in  the  body  and 
anterior  cornu  of  the  lateral  ventricle.  This  intraverdricular  portion  of 
the  corpus  striatum  is  of  a  pyriform  shape,  its  larger  end  being  turned 
forwards,  and  its  narrow  end  being  directed  outwards  and  backwards,  so 
that  the  optic  thalami  of  the  two  sides  are  received  between  the  diverging 
corpora  striata.  On  cutting  into  it,  there  may  be  seen  at  some  depth  from 
the  surface  white  fibres,  which  are  prolonged  from  the  corresponding  cerebral 
peduncle,  and  give  it  the  streaked  appearance  from  which  it  has  received  its 
name. 

The  extraventricular  portion  of  the  corpora  striata  will  be  afterwards 
described. 

Along  the  inner  border  of  eacli  corpus  striatum,  and  in  a  depression 
between  it  and  the  optic  thalamus,  is  seen  a  narrow  whitish  semitrans- 
parent  band,  named  tcenia  sendcii'cularis,  which  continues  backwards  into 
the  descending  cornu  of  the  ventricle,  where  its  connections  have  not  been 
determined  with  precision.  In  front  it  reaches  the  corresponding  anterior 
pillar  of  the  fornix,  and  descends  in  connection  with  that  cord  of  white 
substance. 

It  is  more  transparent  and  firm  on  the  surface,  especially  at  its  fore  part :  and 
this  superficial  stratum  has  been  named  stria  cornea.  The  tajnia  consists  of  longi- 
tudinal white  fibres,  the  deepest  of  which  running  between  the  corpus  striatum  and 
the  thalamus,  were  named  by  Vieussens  cenlrum  c/eminum  semicirculare.  Bcncatli 
it  are  one  or  two  large  veins,  which  receive  those  from  the  surface  of  the  corpus 
striatum  and  end  in  the  veins  of  the  choroid  plexuses. 

The  thalami  optici  (posterior  ganglia  of  the  brain)  are  of  an  oval  shape. 
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and  rest  on  the  correspondiug  cerebral  crura,  which  they  in  a  manner 
embrace.  On  the  outer  side  each  thalamus  is  bounded  by  the  corpus 
striatum  and  tisnia  semicircularis.  The  upper  surface,  which  is  white,  is 
free  and  prominent,  and  is  partly  seen  in  the  lateral  ventricle,  and  partly 
covered  by  the  fornix.  The  part  which  is  seen  in  the  lateral  ventricle  is 
more  elevated  than  the  rest,  and  is  named  the  anterior  tubercle.  The 
posterior  surface,  wliich  is  also  white  and  free,  projects  into  the  descending 
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Fig.  376. — Right  half  op  the  Enoephalio  PEDUNCiiE  and  CiiKEBELLUM  as  seen  from 
THE  INSIDE  IN  A  MEDIAN  Seotion  (after  Reiclieit). 

II,  ligbt  optic  nerve  ;  II',  optic  commissure  divided  ;  III,  right  tliird  nerve  ;  VI, 
sixth  nerve;  V3,  third  ventricle;  Th,  back  part  of  tlie  thalamas  opticus;  H, 
section  of  the  pituitary  body ;  A,  corpus  albicans  ;  P,  pineal  glaud  ;  c  a,  points  by  a 
lower  line  to  the  anterior  commissure  divided,  and  by  an  upper  liae  to  the  divided 
anterior  pillar  of  the  fornix  ;  Ic,  lamina  cinerea  ;  i,  infuadibulum  (cavity)  ;  tc,  tuber 
cinereum  ;  /,  mark  of  the  anterior  pillar  of  the  foruix  descending  in  the  wall  of  the 
third  ventricle;  cm,  commissura  mollis;  sp,  stria  pinealis  ;  cp,  posterior  commissure, 
above  it  the  peduncle  of  the  pineal  gland,  and  below  it  the  upper  end  of  the  passage  to 
the  fourth  ventricle  ;  Q,  corpora  quadrigemina  (section)  ;  as,  aqueduct  of  Sylvius  near 
the  fourth  ventricle;  PV,  pons  Varolii  divided  in  the  middle;  M,  medulla  oblongata; 
p  a,  right  anterior  pyramid  ;  pd,  decussating  bands  cut  across  ;  2^P,  posterior  pyramids  ; 
c,  central  canal  with  grey  substance  surrounding  it  divided.  In  the  cerebellum,  a  v,  stem 
of  white  substance  in  the  centre  of  the  middle  lobe  of  the  cerebellum,  ramifying  towards 
the  arbor  vitte  ;  s  v,  superior  vermiform  process  or  vertical  portion  of  the  middle  lobe  ; 
sc,  single  folium,  which  passes  across  between  the  posterior  superior  lobes  ;  c',  the  folia, 
which  unite  the  posterior  inferior  lobes;  p,  pyramid;  u,  uvula;  n,  nodule  ;  1,  part  of 
the  larainaj  of  the  square  lobe ;  2,  posterior  superior  lobe  ;  3,  posterior  inferior  lobe  ; 
4,  lobulus  gracilis  ;  6,  biventral  lobe  ;  G,  amygdaloid  lobe. 

comu  of  the  lateral  ventricle.  The  inner  sides  of  the  two  thalami  are  in 
contact  one  with  the  other.  They  present  the  grey  substance  of  the  inte- 
rior of  the  thalami  uncovered  with  white,  and  are  generally  partially  united 
together  by  a  transverse  portion,  which  forms  the  middle  or  soft  commissure 
of  the  third  ventricle. 
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The  pineal  body,  or  yland  (coiiariuin),  is  a  small  reddish  body,  which  is 
placed  beneath  the  back  part  of  the  corpus  callosum,  and  rests  upon  the 
anterior  elevations  of  the  corpora  quadrigemina.  It  is  attached  to  the  under 
surface  of  the  velum  iuterpositum,  so  that  it  is  liable  to  be  torn  away  from 
the  brain  in  removing  that  membrane.  It  is  about  the  size  of  a  small 
cherry-stone.  Its  base  of  attachment,  which  is  its  broader  part,  is  directed 
forwai-ds,  and  is  connected  with  the  rest  of  the  cerebrum  by  white  substance. 
This  white  substance  is  principally  collected  into  two  small  rounded 
bundles,  named  peduncles  of  the  pineal  gland,  which  pass  forwards  upon 
the  optic  thalami  along  their  upper  and  inner  borders,  and  may  be 
traced  as  far  as  the  anterior  pillars  of  the  fornix,  in  conjunction  with  which 
they  descend.  These  peduncles  are  connected  with  each  other  behind,  and 
the  band  of  union  between  them  is  adherent  to  the  back  of  the  posterior 
commissure. 

This  hand  is  represented  by  Reichert  as  folding  forwards  and  then  backwards,  so 
as  to  leave  a  hollow,  which  he  calls  recessus  pinealis,  opening  backwards  above  the 
pineal  body.  Some  anatomists  have  described  two  inferior  peduncles,  which  descend 
upon  the  inner  surface  of  the  thalami. 

The  pineal  gland  is  very  vascular.  It  is  hollowed  out  into  two  or  more 
cells,  which,  sometimes  at  least,  open  anteriorly  into  the  ventricle,  and 
almost  always  contain,  besides  a  viscid  fluid,  a  quantity  of  gritty  matter, 
named  acevoulus  cerebri.  This  consists  of  microscopic  round  particles, 
aggregated  into  small  compound  masses,  which  are  again  collected  into 
larger  groups.  It  is  composed  of  the  so-called  amylaceous,  or  amyloid 
bodies,  and  of  earthy  salts  combined  with  animal  matter,  viz.,  phosphate 
and  carbonate  of  lime,  with  a  little  phosphate  of  magnesia  and  ammonia 
(Stromeyer).  It  is  found  at  all  ages,  frequently  in  young  children,  and 
sometimes  even  in  the  foetus.  It  cannot,  therefore,  be  regarded  as  the 
product  of  disease. 

This  sabulous  matter  is  frequently  found  on  the  outside  of  the  pineal  body,  or 
even  deposited  upon  its  peduncles.  It  is  found  also  in  the  choroid  plexuses ;  and 
scattered  corpora  amylacea  occur  in  other  parts  of  the  membranes  of  the  brain. 
Huschke  has  pointed  out  that  the  pineal  body  is  larger  in  the  child  and  tlie  female 
than  in  the  adult  male.  Tn  the  brains  of  other  mammals  it  is  proportionally  larger 
than  in  the  human  subject,  and  less  loaded  with  the  matter  of  acervulus  cerebri. 

The  corpora  or  tubercula  quadrigemina  are  four  rounded  eminences, 
separated  by  a  crucial  depression,  and  placed  two  on  each  side  of  the  midiile 
line,  one  before  another.  They  are  connected  with  the  back  of  the  optic 
thalami,  and  with  the  cerebral  peduncles  at  either  side;  and  they  are 
placed  above  the  passage  leading  from  the  third  to  the  fourth  ventricle. 

The  upper  or  anterior  tubercles  are  somewhat  larger  and  darker  in  colour 
than  the  posterior.  In  the  adult,  both  pairs  are  solid,  and  are  composed  of 
white  substance  on  the  surface,  and  of  grey  matter  within. 

They  receive  bands  of  white  fibres  from  below,  the  majority  of  whicli  are 
derived  from  a  fasciculus  named  the  fillet.  A  white  cord  also  passes  up 
on  each  side  from  the  cerebellum  to  the  corpora  quadrigemina,  and  is, 
continued  onwards  to  the  thalami :  these  two  white  cords  are  the  pro- 
cessus a  cerebello  ad  cerebrum,  or  superior  peduncles  of  the  cerebellum.  At 
each  side  of  the  corpora  quadrigemina  there  proceed  outwards  two  white 
bands  which  pass  to  the  thalami  and  to  the  commencements  of  the  optic 
tracts.'  These  bands  are  prominent  on  the  surface,  and  are  sometimes  named 
hraclda. 
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In  the  humau  brain  the  quadrigennnal  bodies  are  small  in  comparison 
with  those  of  animals.     In  ruminant,  soliped,  and  rodent  animals,  tlie 

Fig.  377. 


Fig.  377. 


-YiEW  OP  THE  MEDrLLA  OBLONGATA,    PoNS  VaEOLII,    CrUUA  CeEEBKI,  AiJB 

Central  Parts  op  the  Enoephalon  from  the  Right  Side. 


The  corpus  striatum  and  thalamus  opticus  have  been  preserved  in  connection  with  the 
central  lobe  and  crura  cerebri,  while  the  remainder  of  the  cerebrum  has  been  removed. 

St,  upper  surface  of  the  corpus  striatum  ;  Th,  back  part  of  the  thalamus  opticus  ;  C, 
placed  on  the  middle  of  the  five  or  six  convolutions  constituting  the  central  lobe  or  island 
of  Reil,  the  cerebral  substance  being  removed  from  its  circumference  ;  Sy,  fissure  of 
Sylvius,  from  which  these  convolutions  radiate,  and  in  which  are  seen  the  white  strias  of 
the  olfactory  tract ;  I,  the  olfactory  tract  divided  and  hanging  down  from  the  groove  in 
the  convolution  which  lodges  it ;  II,  optic  nerves  a  little  way  in  front  of  the  commissure; 
a,  right  corpus  albicans  with  the  tuber  cinereum  and  infundibulum  in  front  of  it ;  A, 
hypophysis  or  pituitary  body ;  c,  external,  and  i,  internal  corpus  geniculatum  at  the  back 
part  of  the  optic  tract  ;  P,  peduncle  or  crus  of  the  cerebrum  ;  /,  fillet ;  III,  right  oculo- 
motor nerve  ;  p,  pineal  gland  ;  q,  corpora  quadrigemina  ;  IV,  trochlear  nerve  rising  froni 
r,  the  valve  of  Vieussens  ;  V,  placed  on  the  pons  Varolii  above  the  right  nervus  trige- 
minus ;  s,  the  superior,  m,  the  middle,  and  in,  the  inferior  peduncles  of  the  crus  cere- 
belli  cut  short  ;  VI,  the  sixth  nerve  ;  VII  a,  facial  nerve  ;  VII  6,  auditory  nerve  ;  on 
the  medulla  oblongata  the  parts  are  indicated  as  follows  :  VIII,  placed  opposite  to  the 
cut  end  of  the  pneumo-gastric  nerve;  a,  the  glosso-pharyngeal ;  and  b,  the  uppermost 
fibres  of  the  spinal  accessory  nerve  ;  IX,  the  hypoglossal  nerve  ;  p  a,  anterior  pyramid  ; 
0,  olivary  body  ;  ar,  arciform  fibres  ;  pp,  posterior  pyramid  ;  r,  restiforra  body  ;  (r, 
eminence  corresponding  to  the  tubercle  of  Rolando  ;  at  the  commencement  of  the  spinal 
cord,  ca,  indicates  the  anterior,  cp,  the  posterior,  and  cl,  the  lateral  columns;  CI, 
anterior  and  posterior  roots  of  the  suboccipital  or  first  cervical  nerve. 

0  0 
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anterior  tubercles  are  much  larger  than  the  posterior,  as  may  be  seen  in  the 
slieep,  horse,  and  rabbit  ;  and  hence  the  name  nates,  formerly  applied  to 
the  anterior  and  testes  to  the  posterior  tubercles.  In  the  brains  of  carnivora, 
the  posterior  tubercles  are  rather  the  larger.  In  the  foetus  of  man  and 
mammals  these  eminences  are  at  first  single  on  each  side,  and  have  an 
internal  cavity  communicating  -with  the  ventricles.  They  are  constant  in 
the  brains  of  all  vertebrate  animals  ;  but  in  fishes,  reptiles,  and  birds,  in 
which  animals  they  receive  the  name  of  optic  lobes,  they  are  only  two  in 
number,  and  hollow :  in  marsupialia  and  monotremata,  they  are  also  two  in 
number,  but  are  solid. 

Optic  tracts  and  corpora  geniculata. — The  optic  tracts,  which  have  already 
been  referred  to  in  coimection  with  the  base  of  the  cerebrum,  are  attached 
to  and  embrace  the  under  side  of  the  corresponding  peduncles,  and 
may  be  traced  back  to  the  thalami.  Each  tract,  somewhat  cylindrical 
towards  the  optic  commissure,  becomes  flattened  and  broader  as  it  approaches 
the  thalamus,  and  makes  a  bend  as  it  turns  round  the  peduncle  to  reach 
the  back  part  of  that  body.  Near  this  bend,  which  is  named  the  /c?iee 
(genu),  and  to  the  outer  side  of  the  corpora  quadrigemina,  are  placed  two 
small  oblong  and  flattened  eminences  connected  with  the  posterior  extremity 
of  the  optic  tract.  They  are  two  little  masses  of  grey  matter  about  the  size 
and  shape  of  coflee  beans,  placed  one  on  the  outer  and  one  on  the  inner  side 
of  the  genu  of  the  optic  tract,  and  hence  are  named  respectively  corpus 
geniculatum  externum  and  internum.  They  send  fibres  into  the  optic  tract 
and  also  into  the  thalamus  of  the  same  side. 

The  fibres  of  the  optic  tracts  are  therefore  derived  from  three  sources, 
viz. ,  the  thalamus,  the  tubercula  quadrigemina,  and  the  corpora  geniculata. 

The  processus  a  cerehello  ad  cerebrum  are  two  large  white  cords  extending 
downwards  and  somewhat  outwards  from  the  corpora  quadrigemina  to  the 
fore  part  of  the  cerebellum,  and  connecting  the  latter  with  the  cerebrum. 
They  rest  upon  the  crura  cerebri,  to  which  they  are  united,  and  between 
them  is  the  valve  of  Vieussens. 

The  valve  of  Vieussens  (velum  medullare  anterius),  stretched  between  the 
processus  a  cerebello  ad  cerebrum,  is  a  thin  layer  of  nervous  matter,  which 
lies  over  the  passage  from  the  third  to  the  fourth  ventricle,  and,  lower  down, 
covers  in  a  part  of  the  fourth  ventricle  itself.  It  is  narrow  above,  where  it 
is  connected  with  the  quadrigeminal  bodies,  and  broader  below,  where  it  is 
continuous  with  the  median  portion  of  the  cerebellum. 

The  upper  portion  of  the  valve  is  composed  of  white  substance,  but  a  few 
transverse  ridges  of  grey  matter  extend  upon  its  lower  half,  as  if  they  were 
prolonged  from  the  grey  lamellse  of  the  cerebellum  with  which  the  valve  is  there 
continuous.  From  between  the  posterior  quadrigeminal  tubercles  a  slight 
median  ridge,  named  frcenulum,  descends  a  little  way  vipon  the  valve  ; 
and  on  the  sides  of  this  the  commencing  fibres  of  the  fourth  pair  of 
nerves  pass  transversely  outwards.  The  back  part  of  the  valve  is  over- 
lapped and  concealed  by  the  superior  vermiform  process  of  the  cerebellum. 


INTERNAL  STRUCTURE  OF  THE  CEREBRUM. 

The  cerebrum,  like  the  rest  of  the  encephalon,  is  composed  of  white  and  grey 
substance,  the  white  pervading  nearly  the  whole  of  its  extent,  though  more  exclu- 
sively composing  its  deeper  parts;  the  grey  forming  a  covering  of  some  thickness  over 
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the  whole  surface  of  the  convolutions,  and  collected  in  distinct  masses  in  certain  of 
the  deeper  parts,  such  as  the  corpora  striata,  thalami  optici,  corpora  quadrigemina, 
and  crura  cerebri.  To  the  grey  substance,  the  names  of  cineritious  and  cortical  have 
been  applied  ;  to  the  white  that  of  medullary. 

I.  The  tvliite  matter  of  the  encephalon  consists  of  tubular  fibres,  in  general  still 
smaller  than  those  of  the  cord,  and  more  prone  to  become  varicose.  The  general 
direction  Avhich  these  follow  is  best  seen  in  a  brain  that  has  been  hardened  by 
immersion  in  alcohol,  although  it  is  true  that  in  an  ordinary  dissection  of  such 
hardened  masses  with  the  scalpel,  we  do  not  then  trace  tiie  single  fibres,  but  only 
the  smaller  bundles  and  fibrous  lamella)  which  they  form  by  their  aggregation.  It  must 
also  be  admitted  that  where  they  intimately  decussate,  the  tearing  of  fibres  across  is 
liable  to  be  mistaken  for  the  separation  of  sets  of  fibres  one  from  the  other ;  and  it 
is  necessary  to  correct  such  errors  by  the  examination  of  sections  under  the  micro- 
scope.  The  microscopic  examination  of  the  cerebrum,  hoAvever,  is  as  yet  still  less 


Pig.  378. 


Fig.  378.— Sketch  of  a  Dissection  showing  thk  connection  of  the  CoLnjiNS  oP  thk 
Medulla  Oblongata  with  the  Cerebrum  and  Cerebellum  (from  Mayo).  | 
In  the  lower  part  of  the  figure  the  medulla  oblongata  is  entire  where  it  is  nroloneed 
downwards  mto  the  spmal  cord  ;  a,  the  anterior  pyramid  ;  a',  its  continuation  upwards 
into  the  pons  Varolii  (m)  ■  c,  olivary  body  ;  d,  olivary  fasciculus  ;  behind  c',  the  fasciculi 
teretes  are  represented  ;  d,  the  wL.te  laminre  in  part  of  the  cerebellum  :  /,  supS 
peduncle  of  the  cerebellum  ;  g,  anterior  part  or  crust  of  the  cerebral  peduncle  •  h 
of  the  fibres  radiating  from  the  peduncle  into  the  right  cerebral  hei^isphere,  of  which  a 
considerable  extent  IS  shown  contaming  parts  of  the  anterior,  middle,  and  posterior  lobes 

filled  Vltf  I     ^'"^  ''""''^^  the  convolutTons  V 

fillet ;  /,  back  of  the  thalamus  opticus  ;  m,  pons  Varolii ;  n,  inferior  peduncle  of  the 
crus  cerebelh  ;  o,  section  of  the  pes  hippocampi  ;      teementnm  •  » w       ,  v. 

fibres  issuing  from  the  corpus  striatum.  '   '  '"omentum  ,  y,  y,  show  the  ^vhlte 


complete  than  that  of  the  spinal  marrow  and  medulla  oblongata.  By  the  dissection 
of  artificia  ly  prepared  brains,  aided  in  part  by  microscopic  observatCn  the  foUr 
ing  general  facts  have  been  ascertained  i         ^  vauiuu,  luc  louow 

m^t'  anfrlln!  exceedingly  complicated  in  their  arrange^ 

rv«flrl/rT  '^'^'''"^  ^""""P^'  '"••^y  ^«  '-^fe^^'l  to  three  prindml 

systems,  according  to  the  general  course  which  they  take,  viz.  Asdndingox 

0  0  2 
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jieduncular  fibres,  which  pass  up  from  the  meduUa  oblongata  to  the  hemispheres, 
and  constitute  the  peduncles  of  the  cerebrum.  These  fibres  increase  in  number  as 
they  ascend  through  the  pons,  and  still  further  in  passing  through  the  optic  thalami 
and  striated  bodies,  beyond  which  they  spread  in  all  directions  into  the  hemi- 
spheres. 2.  Transverse  or  commissural  fibres,  which  connect  the  two  hemispheres 
together.  3.  Lonqitudinal  or  collateral  fibres,  which,  keeping  on  the  same  side  of 
the  middle  line,  connect  more  or  less  distant  parts  of  the  same  hemisphere. 

1.  In  each  hemisphere  the  peduncular  fibres  consist  of  a  main  body  and  of 
certain  accessory  bundles  of  fibres. 

The  main  body  is  derived  from  the  anterior  pyramid,  from  the  fasciculi  teretes, 
and'  from  the  posterior  pyramid.  After  it  has  passed  through  the  pons,  and  be- 
come increased  in  amount,  it  is  separated  into  two  parts  in  the  crus  cerebri  by  a 
layer  of  dark  cineritious  matter,  named  locus  niger.  The  lower  or  superficial  part, 
which  is  derived  from  the  pyramid,  consists  almost  entirely  of  white  fibres,  col- 
lected into  coarse  fasciculi,  and  is  named  the  crust  or  basis,  or  the  fasciculated  por- 
tion of  the  peduncle  (Foville).  The  upper  part,  composed  principally  of  the  fasci- 
culus teres  and  posterior  pyramid,  is  named  the  tegmentum.  It  is  softer  and  finer 
in  texture,  and  is  mixed  with  much  grey  matter. 

Still  increasing  in  number  within  the  peduncle,  these  two  sets  of  fibres  ascend  to 
the  thalamus  and  corpus  striatum.     A  much  larger  number  of  fibres  diverging 

Fig.  379. — Posterior  View 
OP  THE  Peduncles  op  the 
Cerebrum  and  Cerebel- 
lum (after  Arnold).  ^ 

The  lower  and  fore  part  of 
the  cerebral  hemispheres  is 
preserved,  the  cerebellum  is 
completely  detached  from  its 
peduncles,  and  on  the  right 
side  the  corpora  quadrigemina 
and  thalamus  opticus  have 
been  dissected,  a,  fasciculus 
teres  of  the  left  side  ;  b,  fibres 
of  the  tegmentum  ascending 
through  the  right  thalamus ; 

c,  left  corpora  quadrigemina  ; 

d,  lateral  column  of  the  cord  ; 

e,  restiform  body;  /,  superior 
peduncles  of  the  cerebellum  ; 
g,  fibres  of  the  crust  ;  i,  i, 
the  fillets ;  h,  I;  corpora 
striata  ;  I,  the  left  thalamus  ; 
m,  m,  sections  of  the  middle 
peduncles  of  the  cerebellum  ; 
n,  section  of  the  left  inferior 
peduncle ;  p,  left  posterior 
pyramid;  q,  section  of  the 
corpus  callosum  ;   s,  under 

surface  of  the  same,  and  below  it  the  cavity  of  the  fifth  ventricle  ;  t,  left  anterior  pillar 
of  the  fornix  ;  y,  decussation  of  the  radiating  fibres  with  the  crossing  fibres  of  the  corpus 
callosum. 


Fig,  379. 


from  these  bodies  appear  to  pass  to  the  medullary  substance  of  the  hemispheres  ;  but 
the  actual  continuity  of  the  individual  fibres  spreading  out  in  the  hemisphere  with 
those  ascending  to  the  thalamus  and  corpus  striatum  is  doubted  by  many  authors, 

and  among  them,  by  KoUiker.  ,  ,      .    ,  .  ,  ^  ,  j  „ 

The  assemblage  of  radiating  fibres  in  each  hemisphere  might  be  compared  to  a 
fan  bent  into  the  form  of  an  incomplete  hollow  cone,  having  its  concave  surface 
turned  downwards  and  outwards;  hence  the  name  corona  radtata  applied  to  them 
by  Reil,  and  Jibrous  cone  by  Mayo. 
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The  uccensory  Jibres  of  the  peduncular  system  are  as  follows  ; — 

a.  The  superior  peduncles  of  the  cerebellum,  (processus  ad  cerebrum,)  which  are 
continued  up  beneath  the  corpora  quadrigemina,  and  form  part  of  the  tegmentum. 

b.  The  bundle  of  fibres  on  each  side,  named  the  Jillel  (lemniscus).  This,  which  is 
originally  derived  from  the  anterior  column  of  the  cord,  proceeds  from  the  olivary 
fasciculus  of  the  medulla  oblongata,  as  previously  described.  Reinforced  by  fibres 
from  the  corpus  dentatum  of  the  olivary  body,  it  ascends  through  the  back  part  of 
the  pons,  still  increasing  in  size.  Appearing  at  the  side  of  the  cerebral  peduncle, 
above  the  upper  border  of  the  pons,  it  divides  into  two  portions,  of  which  one  cro.sses 
over  the  superior  peduncle  of  the  cerebellum  to  the  corpora  quadrigemina,  meeting 
its  fellow  of  the  opposite  side ;  while  the  other  is  continued  upwards  with  the  fibres 
of  the  tegmentum. 

c.  Other  fibres  accessory  to  the  peduncles  take  their  rise  in  the  grey  matter  of 
the  corpora  quadrigemina  (the  brachia),  and  proceed  on  to  the  tlialami. 

d.  Lastly,  fibres  of  another  set,  having  a  similar  destination,  are  derived  from 
the  corpora  gcniculata. 

2.  Tiie  tratisverse  comviismral,  or  connecting  fibres  of  the  cerebrum,  include  the 
following  sets : — 

a.  The  cross  fibres  of  the  corpus  callosum,  passing  laterally  into  the  substance  of 


Fig.  380, 


Fig.  380. — View  of  a  Dissection  op  the 
Fibres  in  the  Left  Cerebral  Hemi- 
sphere from  below  (after  Mayo).  ^ 

The  most  of  the  middle  lobs  in  its  lower 
part  has  been  removed,  a,  the  anterior,  and 
a',  the  posterior  part  of  the  fillet  of  the 
corpus  callosum ;  b,  g,  section  of  the  crus 
cerebri ;  6,  tegmentum  ;  g,  crust  separated 
from  the  last  by  the  locus  niger;  &,  fibres 
stretching  from  the  back  part  of  the  corpus 
callosum  into  the  posterior  lobe  ;  e,  fasciculus 
uncinatus  connecting  the  anterior  and  middle 
lobes  across  the  Sylvian  fissure  ;  /,  /,  trans- 
verse fibres  from  the  corpus  callosum  passing 
into  the  cerebral  hemispheres  ;  I,  back  part 
of  the  thalamus ;  m,  corpus  albicans ;  5, 
median  section  of  the  corpus  callosum  ;  r, 
radiating  fibres  of  the  hemispheres  ;  t,  ante- 
rior pillar  of  the  fornix  descending  into  the 
corpus  albicans  {m)  ;  v,  collateral  fibres  of 
the  convolutions  ;  x ,  anterior  commissure. 

the  hemispheres,  some  being  directed  up- 
wards, whilst  others  spread  outwards  on 
the  roof  of  the  lateral  ventricles,  forming 
there  what  is  named  the  tapelum.  Having 
intersected  the  peduncular  radiating  fibres, 
they  spread  out  into  the  hemispheres, 
reaching  everywhere  the  grey  matter  of  the 
convolutions. 

b.  The  Jibres  of  the  anterior  commissure 

pass  laterally  into  the  corpora  striata,  and  bending  backwards,  extend  a  long  way 
into  the  middle  of  the  hemispheres,  on  each  side. 

c.  The  jibres  of  the  posterior  commissure  run  through  the  optic  thalami,  and  are 
soon  lost  in  the  substance  of  the  hemispheres  outside  these  bodies. 

3  The  third  system  of  fibres  in  the  cerebrum,  the  longitudinal  or  collateral,  in- 
cludes those  of  the  fornix,  ttenia  semicircularis,  and  stvivs  longitudinales  of  the 
corpus  callosum,  already  sufficiently  described;  and  likewise  the  following :- 

a.  I'lbres  of  the  fjyni^  fornicatiis  ;  fdlet  of  the  corims  ca?/osit//i  (Mayo).— ThesQ 
fibres  constitute  the  white  substance  of  the  gyrus  fornicatus,  and  take  a  longitudinal 
course  immediately  above  the  transverse  fibres  of  the  corpus  callosum.    In  front 
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they  bend  downwards  within  the  gyrus  to  wliich  they  belong,  and  are  connected 
With  he  an  tenor  perforated  space,  being  joined  by  certain  longitudinal  fibres  wSc 
run  along  the  under  surface  of  the  corpus  callosum  near  the  middle  UrrpasS 
near  and  upon  the  upper  edge  of  the  septum  lucidum.    Behind,  they  turn  ^;und  1^ 
back  of  the  corpus  callosum  and  thcuce  dcscc.ul  to  the  point  of  the  middle  lobe  where 
according  to  Fovi lie  they  again  reach  the  perforated  space.    Offsets  from  these  fibre; 
pass  upwards  and  backwards  into,  the  secondary  convolutions  derived  from  the 
gyrus  fornicatus  in  the  longitudinal  fissure. 

b.  Fcuicicidics  u?ici7ialits.-V nder  this  name  is  described  a  white  bundle  seen  on 
the  lower  aspect  of  the  hemisphere,  passing  across  the  bottom  of  the  Sylvian  fis- 
sure, and  connecting  the  anterior  with  the  middle  and  posterior  lobes  The  fibres 
of  this  bundle  expand  at  each  extremity,  and  the  more  superficial  of  them  are 
curved  or  hooked  sharply  between  the  contiguous  parts  of  the  anterior  and  middle 
lobes, — whence  it  has  received  its  name. 

c.  The  convolutions  of  the  cerebrum  are  connected  with  each  other  by  white 
fibres,  which  lie  immediately  beneath  the  cortical  substance.  Some  of  them  pass 
across  the  bottom  of  the  sulcus  between  adjacent  convolutions ;  whilst  others,  which 
are  longer  and  run  deeper,  connect  convolutions  situated  at  a  greater  distance  from 
one  anothei". 


Fig.  381. 


Fig.  381. — View  op  a  Dissection  of  the  Fibres  op  the  Gyrus  Fornioatcs  and  Fornix 
IN  THE  Right  Hemisphere  (slightly  altered  from  Foville).  | 

A,  the  anterior  lobe ;  B,  the  posterior  lobe  ;  a,  a',  a",  fibres  of  the  gyrus  fornicatus ;  c,  d, 
oblique  bands  of  fibres  of  some  of  its  accessory  gyri ;  b,  tegmentum,  and  [/,  crust  of  the 
crus  cerebri,  separated  by  the  locus  niger  ;  I,  thalamus  ;  m,  fissure  of  Sylvius  ;  n,  corpus 
albicans  ;  q,  median  section  of  the  corpus  callosum  ;  s,  septum  lucidum  ;  t,  the  fornix, 
its  anterior  pillar  descending  into  the  corpus  albicans,  and  then  emerging  from  that  at  its 
termination  (*)  in  the  thalamus  ;  1,  the  olfactory  bulb  ;  2,  the  optic  commissure. 


The  researches  of  Foville  have  led  him  to  differ  considerably  from  other 
anatomists  as  to  the  course  of  the  fibres  of  the  cerebrum,  as  will  be  seen  from  the 
following  statement  of  his  views  : — 

1.  The  crust  or  fasciculated  portion  of  each  cerebral  peduncle,  derived  from  the 
anterior  pyramid,  forms  by  itself  the  peduncular  fibrous  cone,  and  is  thence  con- 
tinued on  into  the  radiating  fibres  of  the  cerebrum,  which  are  destined  only  for  the 
convolutions  on  the  convex  surface  of  the  hemisphere,  including  the  outer  half  of 
the  marginal  convolution  of  the  longitudinal  fissure,  and  the  inner  half  of  the  con- 
volution of  the  Sylvian  fissure. 

2.  The  fibres  of  the  tegmentum,  having  entered  the  thalamus,  pass  on  in  two  ways 
 no  part  of  them,  however,  joining  the  radiating  peduncular  fibres. 

a.  One  set  pass  upwards  through  the  thalamus  and  corpus  striatum,  above  which 
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they  then  turn  inwards,  and,  joining  with  those  of  the  opposite  side,  form  the  trans- 
verse fibres  of  the  corpus  callosum.  The  corpus  callosum  is  therefore  regarded  as 
a  commissure  of  the  cerebral  peduncles  only — none  of  its  cross  fibres  spreading  into 
the  convolutions,  as  is  generally  believed. 

h.  The  second  set  of  fibres  of  the  tegmentum,  corresponding  with  the  fasciculi 
teretes  and  part  of  the  posterior  pyramids,  run  forwards  near  the  middle  line,  along 
the  under  side  of  the  third  ventricle  and  corpus  striatum,  through  the  grey  matter 
in  front  of  the  pons,  to  the  anterior  perforated  space.  The  remaining  part  of  the 
posterior  pyramid  forms  the  taenia  semicircularis,  which,  passing  down  in  front  of  the 
anterior  pillar  of  the  fornix,  also  reaches  the  perforated  space.  From  this  space 
more  fibres  are  reflected  upwards  on  the  sides  of  the  corpus  striatum  to  join  the 
corpus  callosum. 

3.  As  dependencies  of  the  posterior  peduncular  fibres,  and  connected  with  them  at 
the  borders  of  the  anterior  perforated  space,  are  : — 

a.  Several  sets  of  longitudinal  arched  fibres,  which  embrace,  in  a  series  of  rings, 
the  radiating  peduncular  system.  These  are — the  deep  fibres  of  the  ta3nia  semicircu- 
laris— a  somewhat  similar  band  beneath  the  outer  part  of  the  corpus  striatum — the 
half  of  the  fornix  with  the  corpus  fimbriatum — the  longitudinal  fibres  placed  on  the 
upper  and  under  surface  of  the  corpus  callosum,  and  those  of  the  septum  lucidum  ; 
and,  lastly,  two  remarkable  systems  of  longitudinal  fibres — one  constituting  the 
entire  white  substance  of  the  gyrus  fornicatus  (from  end  to  end),  also  of  its  accessory 
convolutions,  and  of  the  inner  half  of  the  marginal  convolution  of  the  longitudinal 
fissure  ;  and  the  other,  forming  the  white  substance  of  the  convolutions  of  the  island 
of  Reil,  and  the  adjoining  half  of  the  convolution  of  the  Sylvian  fissure.  None  of 
the  parts  just  named  receive  fibres  from  the  radiating  peduncular  set. 

b.  In  connection  with  this  system  is  a  thin  stratum  of  white  fibres,  found  upon  the 
internal  surface  of  the  ventricles,  and  prolonged  through  the  transverse  fissure  into 
the  reticulated  white  substance  covering  the  lower  end  of  the  gyrus  fornicatus; 
whence,  according  to  Foville,  it  extends,  as  an  exceedingly  thin  layer  of  medullary 
matter,  all  over  the  cortical  substance  of  the  hemisphere. 

c.  The  anterior  commissure  does  not  reach  the  convolutions,  but  radiates  upon,  the 
outer  sides  of  the  corpora  striata  and  thalami. 

II.  The  grey  matter  on  the  convoluted  surface  of  the  cerebrum  is  divided  into  two 
and  in  some  regions  into  three  strata,  by  interposed  thin  layers  of  white  substance. 
In  examining  it  from  without  inwards,  we  meet  with — 1.  A  thin  coating  of  white 
matter  situated  on  the  surface,  which  on  a  section  appears  as  a  faint  white  line, 
bounding  the  grey  substance  externally.    This  superficial  white  layer  is  not  equally 

Fig.  382. — Section  op 

THE  COKTIOAL  SUB- 
STANCE OF  A  Cerebral 
Convolution  (from 
Remak). 

In  A,  the  parts  are 
nearly  of  the  natural 
size.  To  the  right  of  the 
figure,  a  and  e  are  two 
white,  and  h  and  /  two 
grey  strata  ;  to  the  left 
of  the  figure,  an  addi- 
tional white  layer,  c,  di- 
vides the  first  grey  into 
two,  h  and  d.  In  B,  a 
small  part  of  the  cortical 
substance  of  a  convolution 
is  represented,  magnified 
to  show  more  clearly  the 
relative  position  of  the  strata ;  a,  superficial  white  layer ;  J,  reddish  grey  layer  ;  c, 
intermediate  white  layer ;  d,  inner  part  of  the  outer  grey  layer  ;  c,  thin  white  layer  ;  /, 
inner  grey  layer  ;  (j,  radiating  white  fibres  from  the  medullary  substance  of  the  convolu- 
tion passing  mto  the  layers  of  the  cortical  substance. 


Fig.  382. 
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thick  over  all  parts  of  the  cortical  substance,  but  becomes  thicker  aa  it  approaches 
the  borders  of  the  convoluted  surface;  it  is  accordingly  less  conspicuous  on  the 
lateral  convex  aspect  of  the  hemispheres,  and  more  so  on  the  convolutions  situated  in 
the  longitudinal  fissure  which  approach  the  white  surface  of  the  corpus  callosum,  and 
on  those  of  the  under  surface  of  the  brain.  It  is  especially  well  marked  on  the 
middle  lobe,  near  the  descending  cornu  of  the  lateral  ventricle,  where  the  convo- 
luted surface  is  bounded  by  the  posterior  pillar  of  the  fornix,  and  it  has  been  there 
described  under  the  name  of  the  reticulated  white  substance.  It  consists  of  remark- 
ably fine  tubular  fibres,  for  the  most  part  varicose,  which  run  parallel  with  the  sur- 
face of  the  convolutions,  but  intersect  each  other  in  various  directions.  The  ter- 
mination and  connections  of  these  fibres  are  unknown.  This  superficial  white  layer 
contains  also  a  few  small  cells  with  processes,  and  an  abundant  granular  matrix. 
2.  Immediately  beneath  the  white  layer  just  described,  is  found  a  comparatively  thick 
layer  of  grey  or  reddish  grey  matter,  the  colour  of  which,  as  indeed  of  the  grey  sub- 
stance generally,  is  deeper  or  lighter  according  as  its  very  numerous  vessels  contain 
much  or  little  blood.  Then  follow,  3.  Another  thin  whitish  layer ;  and,  4.  A  thin 
grey  stratum.  This  last  lies  next  to  the  central  white  matter  of  the  hemisphere. 
Remak  considers  it  as  similar  in  nature  to  the  gelatinous  substance  of  the  .spinal 
cord.  According  to  this  account,  the  cortical  substance  consists  of  two  layers  of  grey 
substance,  and  two  of  white ;  but  in  several  convolutions,  especially  those  situated 
near  the  corpus  callosum,  a  third  white  stratum  may  be  seen,  which  divides  the 
most  superficial  grey  layer  into  two,  thus  making  six  in  all,  namely,  three  grey  and 
three  white. 


Fig.  383. 


Fig.  383.  MiHUTE  Strtjctukb  of  the  Cerebral  Substance  (from  Kblliker),  magnified 
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A,  cells  and  structural  elements  from  the  inner  part  of  the  cortical  substance  of  the 
cerebral  convolutions  :  a,  larger  cells,  chiefly  from  the  middle  grey  layer,  showing  a 
variable  number  of  radiating  processes  ;  b,  smaller  cells  from  the  more  superficial  grey 
layer,  in  part  belonging  to  connective  tissue ;  c,  a  nerve  fibre  with  its  axis-filament 
partly  exposed.  ... 

B  finest  nerve  fibres  from  the  superficial  white  layer  of  the  cortical  substance  of  a 
convolution,  some  showing  the  varicose  condition. 

The  cortical  grey  substance  consists  of  nerve-cells  of  rather  variable  size,  which  are 
angular,  fusiform,  round  or  oval  in  sh.ape,  and  for  the  most  part  caudate,  and  lie  in  a 
granular  matrix  •  also  of  small  nucleus-like  vesicles,  which  resemble  those  seen  in 
•the  cortical  substance  of  the  cerebellum,  and,  according  to  Todd,  are  here  also 
collected  into  a  special  stratum.  In  the  middle  grey  layer,  the  cells  are  of  variable 
size  some  being  so  small  as  to  resemble  nuclei;  but  others  of  much  larger  dimen- 
sions are  abundant,  and,  according  to  Kblliker,  present  from  one  to  six  processes. 
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la  the  iaiiermost  grey  layer  the  cells  have  siniilar  characters,  but  often  contain 
pigmentary  matter.  Tubular  fibres  exist  throughout :  those  of  one  set  run  parallel 
with  the  surface,  and  at  certain  depths  are  more  densely  aggregated,  so  as  to  form 
the  before-mentioned  white  layers :  they  are  also  present  in  the  intervening  grey 
strata,  but  there  they  are  wider  apart.  The  manner  in  which  they  begin  and  end  is 
not  known;  it  seems  not  improbable,  however,  that  they  arc  dependencies  of  the 
commissural  system  of  fibres.  These  stratified  fibres,  if  they  might  be  so  called,  are 
intersected  by  another  set  of  tubular  fibres,  which  come  from  the  central  white 
mass  of  the  hemispheres,  and  run  perpendicularly  through  the  cortical  substance, 
becoming  finer  and  spreading  more  out  from  each  other  as  they  approach  the  surface. 

The  further  disposition  of  these  central  or  perpendicular  fibres  is  uncertain ; 
Valentin  describes  them  as  forming  terminal  loops  or  arches,  but  this  is  denied  by 
Remak  and  Hannover.  Remak  states  that  they  gradually  disappear  from  view  at 
different  depths,  as  they  pass  through  the  successive  layers,  the  last  of  them  vanish- 
ing in  the  superficial  grey  stratum ;  but  he  is  unable  to  say  positively  how  they 
terminate.  It  sometimes  seemed  to  him  as  if  the  last  of  them,  after  intersecting  the 
fibres  of  the  deeper  white  stratum,  became  continuous  with  those  of  the  outermost 
layer;  but  of  this  he  by  no  means  speaks  confidently.  Hannover  maintains  that 
the  perpendicular  fibres  are  connected  at  their  extremities  with  the  nerve-cells  in 
the  cortical  substance. 

The  grey  matter  of  the  lamina  cinerea,  tuber  cinereum  and  posterior  perforated 
spot  appears  both  in  the  base  of  the  brain  and  in  the  floor  of  the  third  ventricle. 
The  lamina  cinerea  is  connected  externally  with  the  grey  matter  of  the  anterior 
perforated  spot,  and  from  that  point  a  continuity  of  grey  matter  can  be  traced  to 
the  swelling  of  the  olfactory  bulb.  Thus  also  continuity  is  established  between  the 
grey  matter  of  the  hemispheres  and  that  of  the  interior  of  the  brain.  '  • 

III.  The  (jrey  matter  of  the  interior  of  the  cerebrum  may  be  examined  in  the  series 
of  its  deposits  from  behind  forwards. 

In  the  crwa  cerebri,  the  grey  matter  is  collected  into  a  dark  mass,  the  locus 
nifjer,  which  lies  between  the  crust  and  the  tegmentum,  and  is  also  diffused  among 
the  fasciculi  of  the  tegmentum ;  below  this  it  is  continuous  with  that  of  the  pons 
and  medulla  oblongata,  and  through  them  with  that  of  the  spinal  cord,  as  has  already 
been  sufliciently  described.  In  the  upper  part  of  each  tegmentum  is  a  round  reddish 
grey  centre,  the  red  centre  of  Stilling,  the  superior  olive  of  Luys. 

In  the  centre  of  each  of  the  corpora  quadrigemina  grey  matter  is  also  found,  and 
this  collection  is  stated  by  Buschke  to  be  continuous  below  with  the  posterior  cornu 
of  the  grey  matter  of  the  spinal  cord,  posteriorly  with  that  of  the  corpus  dentatum 
of  the  cerebellum,  and  anteriorly  with  the  soft  commissure,  the  septum  lucidum, 
optic  thalami,  and  corpus  callosum.  Grey  matter  occurs  also  in  the  pineal  gland, 
and  in  the  corpora  geniculata.  These  last  bodies  appear  to  be  appendages  of  the 
optic  thalami.  ° 

The  grey  matter  of  the  optic  thalamus  constitutes  the  principal  bulk  of  that  body; 
it  is,  however,  partially  divided  into  an  inner  and  an  outer  portion,  by  white  fibres 
passing  through  it. 

The  coiyus  striatum  contains  three  grey  centres.    That  which  forms  the  intra- 
ventricular portion  of  the  body,  and  is  connected  inferiorly  Avith  the  lamina  cinerea 
and  with  that  portion  of  the  grey  matter  of  the  optic  thalamus  which  is  seen  in  the 
third  ventricle,  is  named  the  mccleus  caiidatus.    The  principal  centre  of  the  extra- 
ventricular  portion,  named  nudem  lenticidaris,  external  and  inferior  to  the  nucleus 
caudatus,  is  separated  from  that  centre  by  the  white  substance  of  the  fibrous  cone 
which,  as  It  passes  outwards,  appears,  when  cut  across,  as  a  broad  white  band  extend- 
ing from  behind  forwards,  and  traversed  by  striie  of  grey  matter  passing  from  one 
centre  to  the  other.    Between  the  nucleus  lenticularis  and  the  island  of  Reil,  which 
lies  opposite  to  it,  there  intervenes  a  thin  lamelliform  deposit  of  grey  matter,  the 
TiZ  '^''t-""v  (^"^""^V-^f^^f  ^'-""^  (Burdach),  which,  in  a  transverse  sec  ion, 
s  seen  as  a  thin  line     The  lenticular  nucleus  ia  continuous  with  the  grey  matter  o 
the  anterior  perforated  space.  °  ^'^"''^^ 

Jn!:JZlZ'''''''T  ""'^'^''^'^  °<^l'«  ^'^'y         li^^  those  of  the 

Z  Zl  r'^ti  ,  r  °  '?"^n''  q"=^'l'-'S«°^i"a  there  are  larger  cells,  approaching 
Sie  Lk  f     •  '^"^^"'^'"'^•^Wes  very  small  cells  and  nncleiform  bodied. 

The  dark  matter,  forming  the  so-called  locus  niger  of  the  cerebral  peduncles,  and 
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that  in  the  flooi-  of  the  fourtli  ventricle,  contain  caudate  cells,  many  of  them  of  the 
largest  size,  with  long  appendages,  and  deeply  coloured  with  pigment.  (Hannover, 
Rech.  Microscop.  sur  le  Systbme  Nerveux.    Copenhagen,  1844). 

The  pineal  body,  like  the  pituitary  body,  has  already  been  sufficiently  described. 
The  deep  connection  of  some  of  the  cranial  nerves  with  the  basal  parts  of  the  cere- 
brum, as  well  as  that  of  others  with  the  remaining  portions  of  the  encephalon,  will 
be  referred  to  in  the  description  of  these  nerves. 


THE  MEMBRANES  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  cerebro-spinal  axis  is  protected  by  three  membranes,  named  also 
meninges.  They  are  : — 1.  An  external  fibrous  membrane,  named  the  dura 
mater,  which  closely  lines  the  interior  of  the  skull,  and  forms  a  loose  sheath 
in  the  spinal  canal  ;  2.  An  internal  areolo-vascular  tunic,  the  pia  mater, 
which  accurately  covers  the  brain  and  spinal  cord  ;  and  3.  An  intermediate 
serous  sac,  the  arachnoid  membrane,  which,  by  its  parietal  and  visceral 
layers,  covers  the  internal  surface  of  the  dura  mater  on  the  one  hand,  and 
is  reflected  over  the  pia  mater  on  the  other. 


THE  DUEA  MATER. 


The  dura  mater,  a  very  strong  dense  inelastic  fibrous  tunic  of  considerable 
thickness,  is  closely  lined  on  its  inner  surface  by  the  outer  portion  of  the 


Fig.  384.— The  Cranium  opened  to  show  the  Falx  op  the  Cerebrum,  and  Tentorium 

OF  THE  Cerebellum.  4 
a  ri-ht  side  of  the  falx  cerebri ;  a',  its  anterior  narrow  part  attached  to  the  crista 
iralli;  °6,  tentorium  cerebelli  of  the  right  side,  united  to  the  base  of  the  fal..  cerebri 
from  2  to  3,  in  the  line  of  the  straight  sinus,  and  attached  to  tbe  superwr  border 
ofThe  p  reus  bone  between  3  and  3' ;  b',  aperture  between  the  r>ght  and  eft  divisions 
0  the  tentorium  for  the  isthmus  cerebri  ;  1  1,  the  superior  lo'^Tnus  3'  i  close  to 
the  inferior  ;  3,  3,  the  lateral  sinus ;  3,  3',  the  superior  petrosal  sinus  ,  3  ,  is  close  to 
the  anterior  clinoid  process. 


DURA  MATER.-FALX.— TENTORIUM. 
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arachnoid,  aucl  with  it,  therefore,  forms  a  jihro-serous  membrane,  which  is 
fi-ee,  smooth,  and  epitheliated  on  its  inner  surface,  where  it  is  turned 
towards  the  brain  and  cord,  but  which,  by  its  outer  surface,  is  connected 
with  tlie  surrounding  parts,  in  a  somewhat  different  manner  in  the  cranium 
and  in  the  spinal  canal. 

The  outer  surface  of  the  cranial  portion  adheres  to  the  inner  surface  of 
the  bones,  and  forms  their  internal  periosteum.  The  connection  between 
the  two  depends,  in  a  great  measure,  on  blood-vessels  and  small  fibrous 
processes,  which  pass  from  one  to  the  other  ;  and  the  dura  mater,  when 
detached  and  allowed  to  float  in  water,  presents  a  flocculent  appearance  on 
its  outer  surface,  in  consequence  of  the  torn  parts  projecting  fi-om  it.  The 
adliesion  between  the  membrane  and  the  bone  is  more  intimate  opposite 
the  sutures,  and  also  generally  at  the  base  of  the  skull,  which  is  uneven, 
and  perforated  by  numerous  foramina,  through  which  the  dura  mater  is 
prolonged  to  the  outer  surface,  being  there  continuous  with  the  pericranium. 
The  fibrous  tissue  of  the  dura  mater  becomes  blended  with  the  areolar 
sheaths  of  the  nerves,  at  the  foramina  which  give  issue  to  them. 

In  leaving  the  skull,  the  dura  mater  is  intimately  attached  to  the  margin 
of  the  foramen  magnum  ;  but  within  the  vertebral  canal  it  forms  a  loose 
sheath  around  the  cord  (theca),  and  is  not  adherent  to  the  bones,  which 
have  an  independent  periosteum.  Towards  the  lower  end  of  the  canal,  a 
few  fibrous  slips  proceed  from  the  outer  surface  of  the  dura  mater  to  be 
fixed  to  the  vertebrae.  The  space  intervening  between  the  waU.  of  the 
canal  and  the  dura  mater  is  occupied  by  loose  fat,  by  watery  areolar  tissue, 
and  by  a  plexus  of  spinal  veins. 

Opposite  each  intervertebral  foramen  the  dura-matral  theca  presents  two 
openings,  placed  side  by  side,  which  give  passage  to  the  two  roots  of  the 
corresponding  spinal  nerve.  It  is  continued  as  a  tubular  prolongation  on 
the  nerve,  and  is  lost  in  its  sheath.  Besides  this,  it  is  connected  with 
the  circumference  of  the  foramen  by  areolar  tissue. 

The  fibrous  tissue  of  the  dura  mater,  especially  within  the  skull,  is  divi- 
sible into  two  distinct  layers,  and  at  various  places  these  layers  separate 
from  each  other  and  leave  intervening  channels,  called  sinuses.  These 
sinuses,  which  have  been  elsewhere  described,  are  canals  for  venous  blood 
and  are  lined  with  a  continuation  of  the  internal  membrane  of  the  veins.  ' 

The  dura  mater  also  sends  inwards  into  the  cavity  of  the  skull  three 
strong  membranous  2yrocesses,  or  partitions,  formed  by  duplication  of  its 
inner  layer.  Of  these,  one  descends  vertically  in  the  median  plane,  and  is 
received  into  the  longitudinal  fissure  between  the  two  hemispheres'  of  the 
cerebrum.  This  is  the  falx  cerebri.  The  second  is  an  arched  or  vaulted 
partition,  stretched  across  the  back  part  of  the  skull,  between  the  cerebrum 
and  the  cerebellum ;  it  is  named  the  tentorium  cerebelK.  Below  this  another 
vertical  partition,  named  falx  cerebelli,  of  smaU  extent,  passes  down' between 
the  hemispheres  of  the  cerebellum. 

The  falx  cerebri  is  narrow  in  front,  where  it  is  fixed  to  the  crista  galli 
and  broader  behind,  where  it  is  attached  to  the  middle  of  the  upper  surface 
of  the  tentormm,  along  which  line  of  attachment  the  straight  sinus  is 
situated  Along  its  upper  convex  border,  which  is  attached  above  to  the 
middle  Ime  of  the  inner  surface  of  the  cranium,  runs  the  superior  longi- 
tudinal sinus.  I  s  under  edge  is  free,  and  reaches  to  within  a  short  distance 
of  the  corpus  callosum,  approaching  nearer  to  it  behind.  This  border  con- 
tains the  interior  longitudinal  sinus. 

The  tentorium,  or  tent,  is  elevated  in  the  middle,  and  declines  downwards 
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lu  all  directions  towards  its  circumference,  thus  corresponding  in  form  with 
the  upper  surface  of  the  cerebellum.    Its  inner  border  is  free  afd  concaTe,  and 

\ZTr  r  f?\  "1^""^^'  ^^''^       isthmus  encephali 

descends.  It  is  attached  behind  and  at  the  sides  by  its  convex  border  to 
the  horizontal  part  of  the  crucial  ridges  of  the  occipital  bone,  and  there 
encloses  the  lateral  sinuses.  Farther  forward  it  is  connected  with  the  upper 
edge  of  the  petrous  portion  of  the  temporal  bone— the  superior  petrosal 
sinus  running  along  this  line  of  attachment.  At  the  point  of  the  pars 
petrosa,  the  external  and  internal  borders  meet,  and  may  be  said  to  inter- 
sect each  other— the  former  being  then  continued  inwards  to  the  posterior 
and  the  latter  forwards  to  the  anterior  clinoid  process.  ' 

The  falx  cerebelli  (falx  minor)  descends  from  the  middle  of  the  posterior 
border  of  the  tentorium  with  which  it  is  connected,  along  the  vertical  ridge 
named  the  internal  occipital  crest,  towards  the  foramen  magnum,  bifurcating 
there  into  two  smaller  folds.  Its  attachment  to  the  bony  ridge  marks  the 
course  of  the  posterior  occipital  sinus,  or  sinuses. 

Sti-uctvre.—The  dura  mater  consists  of  white  fibrous  and  elastic  tissue,  arranged 
in  bands  and  laminse,  crossing  each  other.  It  is  traversed  by  numerous  blood-vessels 
which  are  chiefly  destined  for  the  bones.  Minute  nervous  filaments,  derived  from 
the  fourth,  fifth  and  eighth  cranial  nerves,  and  from  the  sympathetic,  are  described 
as  entering  the  dura  mater  of  the  brain.  Nervous  filaments  have  likewise  been 
traced  in  the  dura  mater  of  the  spinal  column.  (Luschka  and  Rudinger,  quoted  by 
Hyrtl.) 

THK  PIA  MATEK. 

The  pia  mater  is  a  delicate,  fibrous,  and  highly  vascular  membrane, 
which  immediately  invests  the  brain  and  spinal  cord. 

Upon  the  hemispheres  of  the  brain  it  is  applied  to  the  entire  cortical 
surface  of  the  convolutions,  and  dips  into  aU  the  sulci.  From  its  internal 
surface  very  numerous  small  vessels  enter  the  grey  matter  and  extend  for 
some  distance  perpendicularly  into  the  substance  of  the  brain.  The  inner 
surface  of  the  cerebral  pia  mater  is  on  this  account  very  flocculeut,  and  is 
named  tomenticm  cerebri.  On  the  cerebellum  a  similar  arrangement  exists, 
but  the  membrane  is  finer  and  the  vessels  from  its  inner  surface  are  not  so 
long.  The  pia  mater  is  also  prolonged  into  the  ventricles,  and  there  forms 
the  velum  interpositum  and  choroid  plexuses. 

Structure. — The  pia  mater  consists  of  interlaced  bundles  of  areolar  tissue,  con- 
veying great  numbers  of  blood-vessels ;  and,  indeed,  its  peculiar  office,  both  on  the 
brain  and  spinal  cord,  seems  to  be  that  of  providing  a  nidus  or  matrix  for  the 
support  of  the  blood-vessels,  as  these  are  subdivided  before  they  enter  the  nervous 
substance.  According  to  Fohmann  and  Arnold  it  contains  numerous  lymphatic 
vessels.  Purkinje  describes  a  retiform  arrangement  of  nervous  fibrils,  derived,  accord- 
ing to  Kolliker  and  others,  from  the  sympathetic,  the  third,  sixth,  facial,  pneumo- 
gastric  and  accessory  nerves. 

On  the  spinal  cord  the  pia  mater  has  a  very  diflferent  structure  from  that 
which  it  presents  on  the  encephalon,  so  that  it  has  even  been  described  by 
some  as  a  diiferent  membrane  under  the  name  neurilemma  of  the  cord.  It 
is  thicker,  firmer,  less  vascular,  and  more  adherent  to  the  subjacent  nervous 
matter  :  its  greater  strength  is  owing  to  its  containing  fibrous  tissue,  which 
is  arranged  in  longitudinal  shining  bundles.  A  reduplication  of  this  mem- 
brane dips  down  into  the  anterior  fissure  of  the  cord,  and  serves  to  conduct 
blood-vessels  into  that  part.  A  thinner  process  passes  into  the  greater  part 
of  the  posterior  fissure.    At  the  roots  of  the  nerves,  both  in  the  spine  and 
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in  the  cranium,  the  pia  mater  becomes  continuous  with  the  neurilemma.  Tt 
is  supplied  with  nerves  from  the  sympathetic. 

Towards  the  upper  part  of  the  cord,  tlie  pia  mater  presents  a  greyish 
mottled  appearance,  which  is  owing  to  pigment  particles  deposited  within 
its  tissue. 

THK  AEACHNOrD  MEMBRANE. 

The  arachnoid  is  a  very  fine  delicate  serous  membrane,  which,  like  other 
membranes  of  that  class,  forms  the  lining  boundary  of  a  shut  sac.  The 
walls  of  this  sac  consist  of  two  portions,  one  of  which,  a  distinct  membrane 
on  the  surface  of  the  pia  mater,  is  the  visceral  or  cerebral  layer  of  the 
arachnoid,  while  the  other,  giving  tlie  smooth  surface  presented  by  the  dura 
mater  on  its  interior,  is  described  by  some  anatomists  as  the  parietal  layer 
of  the  arachnoid,  while,  according  to  the  view  taken  by  others,  it  is  merely 
the  serous  surface  of  the  dura  mater. 

The  parietal  wall  of  the  arachnoid  space  is  invested  with  a  layer  of  polygonal 
epithelial  cells,  which  are  flattened  and  nucleated.  Besides  this,  it  presents 
in  the  greater  part  of  its  extent  no  tissue  distinct  from  the  dura  mater  ;  and 
hence  it  is  that  KoUiker  and  others  object  to  the  term  parietal  layer  of 
the  arachnoid  membrane  as  applied  to  the  structure  of  this  surface.  It  may 
be  mentioned,  however,  that  in  certain  recesses,  as  for  example  at  the  sides 
of  the  crista  galli,  and  between  the  trabeculse  into  which  the  deep  fibres  of 
the  dura  mater  are  thrown  in  the  neighbourhood  of  the  superior  longitudinal 
sinus,  a  small  amount  of  delicate  connective  tissue  beneath  the  epithelium 
may  be  distinguished  from  the  dense  fibres  of  the  dura  mater. 

The  visceral  layer  of  the  arachnoid  is  a  distinct  transparent  membrane 
which  passes  over  the  various  eminences  and  depressions  on  the  cerebrum 
and  cerebellum,  without  dipping  into  the  sulci  and  smaller  fissures  ]  nor  is 
it  uniformly  and  closely  adherent  to  the  pia  mater.  The  interval  left 
between  the  arachnoid  membrane  and  pia  mater  is  named  generally  the 
subarachnoid  space. 

This  subarachnoid  space  is  wider  and  more  evident  in  some  positions  than 
in  others.  Thus,  in  the  longitudinal  fissure,  the  arachnoid  does  not  descend 
to  the  bottom,  but  passes  across,  immediately  below  the  edge  of  the  falx,  at 
a  little  distance  above  the  corpus  callosum.  In  the  interval  thus  left,  the 
arteries  of  the  corpus  callosum  run  backwards  along  that  body.  At  the 
base  of  the  brain  and  in  the  spinal  canal  there  is  a  wide  interval  between 
the  arachnoid  and  the  pia  mater.  In  the  base  of  the  brain,  this  subarachnoid 
space  extends  in  front  over  the  pons  and  the  interpeduncular  recess  as  far 
forwards  as  the  optic  nerves,  and  behind  it  forms  a  considerable  interval 
between  the  cerebellum  and  the  back  of  the  medulla  oblongata.  In  the 
spinal  canal  it  surrounds  the  cord,  forming  a  space  of  considerable  extent. 

A  certain  quantity  of  fluid  is  contained  between  the  arachnoid  membrane 
and  the  dura  mater  ;  but  it  has  been  shown  by  Magendie  that  the  chief  part 
of  the  cerebro-spinal  fluid  is  lodged  under  the  arachnoid,  in  the  subarachnoid 
space. 

Magendie  also  pointed  out  the  existence  of  a  sort  of  septum  dividin^r  the 
spmal  subarachnoid  space  at  the  back  of  the  cord.  This  is  a  thin  mem- 
branous partition,  which  passes  in  the  median  plane  from  the  pia  mater 
covering  the  posterior  median  fissure  of  the  cord  to  the  opposite  part  of  the 
loose  portion  of  the  arachnoid  membrane.  It  is  incomplete  and  cribriform  ; 
and  consists  of  bundles  of  white  fibres  interlaced  more  or  less  with  one 
another.    Fibrous  bands  of  the  same  texture  pass  across  the  subarachnoid 
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space  in  vaiious  Bituations  both  within  the  spinal  canal  and  at  the  base  of 
the  brain,  stretching  thus  from  the  arachnoid  membrane  to  the  pia  mater. 

^'S-  385.  Fig.  385.  Thansverse  Section  op  the  Spinal 

Cord  and  its  Envelopes  (from  Sappey  after 
Hirschfeld  and  Leveilld). 

1,  dura  mater  or  theca  ;  2,  parietal  layer  of 
the  arachnoid  membrane  ;  3,  internal  or  loose 
arachnoid  ;  4  and  7,  subarachnoid  cavity  or 
space  ;  5,  hinder  part  of  the  antero-lateral 
column  ;  6,  space  between  the  arachnoid  and  the 
dura  mater,  or  between  the  inner  and  outer  folds 
of  the  arachnoid  membrane;  8,  reflection  of  the 
one  fold  into  the  other  ;  9,  sheath  furnished  to  the  spinal  nerve  by  the  dura  mater  ;  10 
posterior  ganglionic  root;  11,  smaller  anterior  root;  12,  section  of  the  ligamentum 
denticulatum.  This  figure  does  not  show  the  septum  which  posteriorly  divides  the 
subarachnoid  space  into  right  and  left  parts :  this  would  be  placed  between  the  arachnoid 
at  3,  and  the  pia  mater  covering  the  posterior  surface  of  the  cord. 


As  the  cerebral  and  spinal  nerves  proceed  to  their  foramina  of  exit  from 
■within  the  dura  mater,  they  are  loosely  surrounded  by  tubular  sheaths  of 
the  arachnoid  membrane,  which  extend  along  each  nerve  from  the  visceral 
to  the  parietal  layer. 

Structure. — When  examined  under  the  microscope,  the  visceral  or  true  arach- 
noid is  found  to  consist  of  very  distinctly  separated  riband-like  bundles  of  fibrous 
tissue  interlaced  with  one  another,  and  a  simple  layer  of  scaly  epithelium  on  the 
surface.  Volkmann  has  described  a  rich  plexus  of  nerves  in  the  arachnoid  mem- 
brane of  certain  ruminants.  KoUiker  has  failed  to  detect  their  presence  ;  but  they 
have  been  again  described  by  Bochdaiek,  who  traces  them  to  the  portio  minor  of  the 
fifth,  the  facial,  and  accessorius  nerves ;  and  they  have  likewise  been  followed  by 
Luschka. 

Cerebrospinal  fluid. — This  is  a  very  limpid  serous  fluid,  which  occupies  the  sub- 
arachnoid space.  "When  collected  immediately  after  death,  its  quantity  was  found 
by  Magendie  in  the  human  subject  to  vary  from  two  drachms  to  two  ounces.  It  is 
slightly  alkaline,  and  consists,  according  to  an  analysis  by  Lassaigne,  of  98'5  parts 
of  water,  the  remaining  1'5  per  cent,  being  solid  matter,  animal  and  saline.  In 
experiments  made  on  the  dog,  it  was  found  by  Magendie  to  be  reproduced  in  thirty- 
six  hours,  after  it  had  been  drawn  oflF  by  puncturing  the  membranes  at  the  lower 
part  of  the  cord.  When  pressure  is  made  upon  the  brain,  the  quantity  of  fluid  in  the 
spinal  subarachnoid  space  is  increased,  and  conversely,  it  may  be  forced  from  the 
spinal  cavity  upwards  into  the  cranium. 

Ligamentum  denticulatum. — This  is  a  narrow  fibrous  band  which  runs  along 
each  side  of  the  spinal  cord  in  the  subarachnoid  space,  between  the  anterior 
and  posterior  roots  of  the  nerves,  commencing  above  at  the  foramen  mag- 
num, and  reaching  down  to  the  lower  pointed  end  of  the  cord.  By  its 
inner  edge  this  band  is  connected  with  the  pia  mater  of  the  cord,  while  its 
outer  margin  is  widely  denticulated  ;  and  its  denticulations,  traversing  the 
arachnoid  space,  with  the  arachnoid  membrane  reflected  over  them,  are 
attached  by  their  points  to  the  inner  surface  of  the  dura  mater,  and  thus 
serve  to  support  the  cord  along  the  sides  and  to  maintain  it  in  the  middle 
of  the  cavity.  The  first  or  highest  denticulation  is  fixed  opposite  the 
margin  of  the  foramen  magnum,  between  the  vertebral  artery  and  the 
hypoglossal  nerve  ;  and  the  others  follow  in  order,  alternating  with  the 
successive  pairs  of  spinal  nerves.  In  all,  there  are  about  twenty-two  of 
these  points  of  insertion.    At  the  lower  end,  the  ligamentum  denticulatum 
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may  be  regarded  as  continued  into  the  terminal  filament  of  the  spinal 
cord,  which  thus  connects  it  to  the  dura  mater  at  the  lower  end  of  the 
sheath.    (See  Figures  341  and  342.) 

Structure.—lt  consists  of  white  fibrous  tissue,  mixed  with  many  exceedingly  fine 
clastic  fibres  which  are  seen  on  applying  acetic  acid.  It  is  obviously  continuous 
on  the  one  hand  with  the  fibrous  tissue  of  the  pia  mater,  and  on  the  other  with  that 
of  the  dura  mater. 

The  pia  mater  of  the  cord  presents  a  conspicuous  fibrous  band,  runnijig 
down  in  front  over  the  anterior  median  fissure.    This  was  named  by  Haller, 

linca  S2)lendens. 

Glandula  Pacchioni. — Upon  the  external  surface  of  the  dura  mater,  in 
the  vicinity  of  tlie  longitudinal  sinus,  are  seen  numerous  small  pulpy-looking 
elevations,  generally  collected  into  clusters,  named  glands  of  Pacchioni. 
The  inner  surface  of  the  calvarium  is  marked  by  little  pits,  which  receive 
these  eminences.  Similar  excrescences  are  seen  on  the  internal  surface  of 
the  dura  mater,  and  upon  the  pia  mater  on  each  side  of  the  longitudinal 
sinus,  and  also  projecting  into  the  interior  of  that  sinus.  Occasionally  they 
are  found  also  in  other  situations. 

These  bodies  are  not  found  at  birth  ;  and  according  to  the  brothers 
Wenzel,  they  exist  only  in  very  small  number,  if  at  all,  before  the  third  year. 
After  the  seventh  year  they  are  usually  found,  and  they  increase  in  number 
greatly  as  life  advances  ;  in  some  cases,  however,  they  are  altogether  want- 
ing.   In  animals  there  appears  to  be  no  corresponding  structure. 

On  a  careful  examination  of  the  connections  of  these  bodies  it  will  be 
found  that  the  elevations,  found  on  the  outer  surface  of  the  dura  mater  and 
within  the  longitudinal  sinus,  in  no  instance  take  origin  in  those  positions, 
but  that  they  are  grape-like  bodies  which  are  attached  more  deeply,  and  in 
their  growth  have  perforated  the  dura  mater.  Their  precise  origin  and  nature 
were  long  the  subject  of  conflicting  opinions,  but  it  has  been  satisfactorily 
shown  by  Luschka  that  they  are  only  an  enlarged  condition  of  normal  villi 
of  the  arachnoid,  and  that  no  other  structure  is  involved  in  their  formation. 
Their  most  prolific  source  is,  as  one  may  very  soon  discover,  the  cerebral  or 
generally  acknowledged  layer  of  the  arachnoid,  but  they  likewise  arise  in  a 
similar  manner  from  the  serous  surface  of  the  dura  mater,  and  may  some- 
times be  found  of  all  sizes  in  the  recesses  into  which  that  surface  is  thrown 
in  the  neighbourhood  of  the  longitudinal  sinus.  (Luschka,  in  Miiller's 
Archiv,  1852  ;  and  "Die  Adergeflechte  de^  Menschlichen  Gehirns,"  1855. 
See  also  Cleland  "On  Tumours  of  the  Dura  Mater,  &c.,"  in  the  Glasgow 
Medical  Journal,  1863.) 

BLOOD- VESSELS  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  origin  and  course  of  these  vessels  have  already  been  described  in  the 
Section  Angeiology.  In  passing  to  their  distribution  the  several  arteries, 
having  passed  across  the  arachnoid  cavity  enter  the  subarachnoid  space  and 
then  divide  and  subdivide  into  branches,  which,  in  their  farther  ramification 
in  the  nervous  centres,  are  supported  by  the  pia  mater,  and,  it  may  bo 
remarked,  are  more  deeply  placed  in  the  various  fissures  and  sulci  than  the 
small  veins,  which  do  not  accompany  the  arteries,  but  pursue  a  difierent 
course  and  are  seen  upon  the  surface  of  the  pia  mater. 

Moreover,  it  is  to  be  observed,  that  whilst  the  main  branches  of  the 
arteries  are  situated  at  the  base  of  the  brain,  the  principal  veins  tend 
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towards  tlie  upper  surface  of  tlie  hemispheres,  where  they  enter  the  superior 
and  inferior  longitudinal  sinuses  :  the  veins  of  Galen,  however,  comin? 
from  the  lateral  ventricles  and  choroid  plexuses,  run  backwards  to  the 
straight  sinus. 


SIZE  AND  WEIGHT  OF  THE  ENCEPHALON. 

In  the  following  table  illustrating  the  average  weight  of  the  adult  male  and  female 
brain,  the  results  obtained  by  Sims,  Clcndinning,  Tiedemann,  and  J.  Reid  have 
been  brought  together  in  such  a  form  as  to  exhibit  in  groups  the  most  commonly 
prevailing  weights ;  the  numbers  being  also  simplified  by  the  omission  of  fractions. 
(Sims,  "  Medico-Chirurg.  Trans.,"  vol.  xix.,  pp.  353—7  ;  Clendinning,  "  Medico"- 
Chirurg.  Trans.,"  vol.  xxi.,  pp.  59—68 ;  Tiedemann,  "  Das  Hirn  des  Negers," 
Heidelberg,  1837,  pp.  6,  7;  Reid,  "London  and  Edinburgh  Monthly  Journal  of 
Medical  Science,"  April,  1843,  p.  298,  &c.) 


Table  of  the  Average  Weight  of  the  Male  and  Female  Brain. 


Mams,  aged  21  years  and  upwards. 


-a 


34 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

Tot 


Number  of  brains 
at  each  weight 
observed  by 


C13 


1 
1 
'2 

3 
3 
1 
8 
10 
11 
12 
13 
19 
6 
10 
5 
4 
.6 
2 
2 
3 
1 
1 


Classification 
into  three 
groups, 
to  show  tlie 
prevailing 
weight. 


o 
m 
>  « 


11 
12 

15  J 

26 
18 
25 
19 
26 
27 
15 

20 ; 
11 

6 
7 
9 

7 


EC 


1 

8 
1 
1 

1 ; 


from 
34  oz. 

to 
45  oz. 


from 
46  oz. 

to 
53  oz. 


from 

54  oz. 

to 
65  oz. 


35+78+39  +  126  =  278. 


Females,  aged  21  years  and  upwards. 


31 
32 

35 
36 
37 
38 

39 
40 

41 
42 

43 
44 
45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

56_ 
Tot, 


Number  of  brains 
at  each  weight 
observed  by 


1 

2  — 
1  — 


P3 


XI  .to 


Classification 
into  three 
groups, 
to  show  the 
prevailing 
weight. 


1  ^ 

1 

2 

4 

6 

2 

6 

10 ; 
12  ^ 

13 
19 

22 
20 

25 

14 ; 

6  ^ 
10 
7 
6 
1 
1 

li 


30+72  +  12  +  77=191. 


from  1 

Ci 

0 

31  oz.  1 

0 

■  g 

to 

40  oz.  J 

1 

5 

from  1 

41  oz. 

0 

to 

47  oz.  J 

!g 

P 

cc 

from  1 

0 

48  oz. 

•1 

to 

56  oz.  . 

R 

According  to  this  table,  the  maximum  weight  of  the  adult  male  brain,  in  a  series  of 
278  cases  was  66  oz.,  and  the  minimum  weight  34  oz.  In  a  series  of  191  cases,  the 
maximum  weight  of  the  adult  female  brain  was  56  oz.,  and  the  minimum  31  oz.  ;  the 
difference  between  the  extreme  weights  in  the  male  subject  being  no  less  than  31  oz., 
and  in  the  female  25  oz.  By  grouping  the  cases  together  in  the  manner  indicated  by 
brackets,  it  is  shown  that  in  a  very  large  proportion  the  weight  of  the  male  brain 
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ranges  between  46  oz.  and  53  oz.,  and  that  of  the  female  brain  between  41  oz.  and 
47  oz.  The  prevailing  weights  of  the  adult  male  and  female  brain  may  therefore  be 
said  to  range  between  those  terms ;  and  by  taking  the  mean,  an  average  weight  is 
deduced  of  49^  oz.  for  the  male,  and  of  44  oz.  for  the  female  brain,— results  which 
correspond  closely  with  the  statements  generally  received. 

Although  many  female  brains  exceed  in  weight  particular  male  brains,  the  general 
fact  is  sufficiently  shown,  that  the  adult  male  encephalon  is  heavier  than  that  of  the 
female. — the  average  diflfercnce  being  from  5  to  6  oz.  This  general  superiority  in 
absolute  weight  of  the  male  over  the  female  brain  has  been  ascertained  to  exist  at 
every  period  of  life.  In  new-born  infants  the  brain  was  found  by  Tiedemann  to  weigh 
on  an  average  from  14^  oz.  to  15J  oz.  in  the  male,  and  from  10  oz.  to  13.^  oz.  in  the 
female  : — a  fact  of  considerable  interest  in  practical  midwifery,  for  it  has  been  shown 
that  difficult  labours  occur  in  by  far  the  largest  number  in  the  birth  of  male  children. 
(Simpson,  London  and  Edinburgh  Monthly  Journal  of  Medical  Science,  1845.) 

With  the  above  results  the  observations  of  Peacock,  published  in  the  "  Monthly 
Journ.  of  Med.  Science"  for  1847,  and  further  observations  by  the  same  author  in 
the  "  Journ.  of  the  Pathol.  Soc."  in  1860,  in  the  main  agree. 

The  elaborate  table  compiled  by  Rudolph  Wagner,  and  published  in  his  "  Vorstudien 
zu  einer  Wissensch.  Morphol.  und  Physiol,  des  Menschl.  Gehirns,"  1860,  containing 
964  recorded  cases  in  which  the  weight  of  the  brain  had  been  ascertained,  may  also  be 
referred  to  as  anotiier  recent  useful  contribution  to  the  knowledge  of  this  subject. 

In  illustration  of  the  variation  in  the  average  weight  of  the  brain  at  different  ages 
the  following  table  is  given,  deduced  from  the  elaborate  researches  of  Dr.  Robert 
Boyd,  in  the  examination  of  the  brains  of  2,086  sane  persons  of  both  sexes  dying  in  the 
St.  Marylebone  Infirmary,  and  published  in  the  Philos.  Trans,  for  1860.  The  weights 
are  stated  in  oz.  avoird.  and  decimal  fractions  of  them. 


Tahle  of  tlie  Weight  of  the  Brain  of  Males  and  Females  at  different  Ages. 


3 
4 
h 
6 
7 
8 
9 
10 

11 
12 
13 
14 
1.5 
16 

17 
18 


to 


Periods  of  Life. 


Children  prematurely  still- 
bom   

Children  still-born  at  fuH 
period   

Xew-bom  infanta   

Under  3  months .   

From  3  to  6  months  

From  6  to  12  months   

From  1  to  2  years  

From  2  to  4  years  

From  4  to  7  years  

From  7  to  14  years   

From  14  to  20  years  

From  20  to  30  years  

From  30  to  40  years  

From  40  to  50  years  

From  50  to  60  years  

From  60  to  70  years  

From  70  to  80  years  

Upwards  of  80  years  

(Persons  above  14  years  .... 
Persons  from  14  to  70  years . 


Males. 


25 

43 
42 
16 

15 
46 

34 
29 
27 
22 

19 
59 
no 

137 
119 
127 

104 

24 


699 

571 


13.1 

22. 
15.37 
32.75 
0.75 
36.13 
41.25 
50.5 
49.5 
57.25 

58.5 

57. 

60.75 

60. 

59. 

59.5 

55.25 
53.75 


58. 
59.12 


1.31 

9.37 

6. 
10.5 
10.75 
17.75 
23.25 
30.5 
24.5 
39.25 

36.5 

39.25 

33.75 

33.75 

30.5 

86.25 

87.75 
41. 


36.1 

35. 


Females. 


Average. 

Average. 

Minimiun. 

Maximum. 

5.6- 

4.62 

1.29 

9.13 

13.87 

12.25 

8. 

15.12 

n.65 

10. 

1.75 

16. 

17.42 

15.94 

11. 

32.5 

21.29 

19.76 

13. 

34.75 

27.42 

25.7 

16.37 

39  13 

33.25 

29.8 

18. 

37. 

38.71 

34.97 

27.75 

44.5 

40.23 

40.11 

34.7.5 

48.25 

45.96 

40.78 

34. 

52. 

48.54 

43.94 

37.5 

52. 

47.9 

43  7 

35.75 

55.25 

48.2 

43.09 

33.25 

53. 

i7.75 

42.81 

27.5 

52.5 

47.44 

43.12 

36.25 

52.5 

46.4 

42.69 

32.6 

54. 

45.5 

41.27 

29.25 

49.5 

45.34 

39.77 

33.25 

48. 

47.1 
47.7 

42.5 
43.15 

33.1 
33.8 

52.1 
58.15 

V  p 
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lis  the  third  year ;  the  Wenr.els  and  Sir  W.  Hamilton  fixed  the  period  about  the  seventh 
and  Ticdemann  between  the  seventh  and  eiglith  years.  Gall  and  Spurzheim  were 
of  opinion  that  the  brain  continued  to  grow  until  the  fortieth  year.  The  observations 
of  Sims,  Tiedemann  and  Eeid  appear  to  show  that  in  both  sexes  the  weight  of 
the  brain  in  general  increases  rapidly  up  to  the  seventh  year,  then  more  slowly  to 
between  sixteen  and  twenty,  and  again  more  slowly  to  between  thirty-one  and  forty, 
at  which  time  it  reaches  its  maximum  point.  Beyond  that  period,  there  appears  a 
slow,  but  progressive  diminution  in  weight  of  about  1  oz.  during  each  subsequent 
decennial  period;  thus  confirming  the  opinion,  that  the  brain  diminishes  in  advanced 
life.  According  to  Peacock,  the  maximum  weight  of  the  brain  is  attained  between 
the  ages  of  twenty  and  thirty  years.  The  table  of  Boyd  inserted  above  would  appear 
to  show  a  somewhat  earlier  period  as  that  at  which  the  maximum  is  reached  in  both 
sexes,  and  that  the  period  of  decline  scarcely  begins  before  sixty  years.  With  this 
result  the  observations  of  Huschke,  made  upon  the  brains  of  359  men  and  245  women, 
in  general  agree.  ("  Schiidel,  Hirn  und  Seele  des  Menschen  und  der  Thiere,  &c.," 
1854.) 

All  other  circumstances  being  alike,  the  size  of  the  brain  appears  to  bear  a  general 
relation  to  the  mental  power  of  the  individual,— although  many  instances  occur  in  which 
this  rule  is  not  applicable.  The  brain  of  Cuvier  weighed  upwards  of  64  oz.,  and  there 
are  other  recorded  examples  of  brains  belonging  to  men  of  great  talent  which  nearly 
equalled  it  in  weight.  (Emille  Rousseau,  "Maladie  et  autopsie  de  M.  G.  Cuvier,"; 
Lancette  Frangaise,  Mai  26,  1832.)  On  the  other  hand,  the  brain  in  idiots  is  remark- 
ably small.  In  three  idiots,  whose  ages  were  sixteen,  forty,  and  fifty  years,  Tiedemann 
found  the  weight  of  their  respective  brains  to  be  19a  oz.,  25|  oz.,  and  22i  oz. ;  and 
Dr.  Sims  records  the  case  of  a  female  idiot  twelve  years  old,  whose  brain  weighed 
27  oz.  Allen  Thomson  has  found  the  brain  of  a  dwarfish  idiot  girl  seventeen  years  of 
age  to  weigh  I85  oz.  after  preservation  in  alcohol. 

The  human  brain  is  found  to  be  absolutely  heavier  than  that  of  all  the  lower 
animals  except  the  elephant  and  whale.  The  brain  of  the  elephant,  according  to 
Perrault,  Moulins,  and  Sir  A.  Cooper,  weighs  between  8  and  10  lbs.;  whilst  that 
of  the  whale  was  found  by  Rudolphi,  in  a  specimen  75  feet  long,  to  weigh  upwards 
of  5  lbs. 

The  relative  weight  of  the  encephalon  to  the  body  is  liable  to  great  variation ; 
nevertheless,  the  facts  to  be  gathered  from  the  tables  of  Clendinning,  Tiedemann,  and 
Eeid,  furnish  this  interesting  general  result: — In  a  series  of  81  males,  the  average 
proportion  between  the  weight  of  the  brain  and  ihat  of  the  bodj',  at  the  ages  of  twenty 
years  and  upwards,  was  found  to  be  as  1  to  36 '5  ;  and  in  a  series  of  82  females,  to  be 
as  1  to  36'46.  In  these  cases,  the  deaths  were  the  result  of  more  or  less  prolonged 
disease;  but  in  6  previously  healthy  males,  who  died  suddenly  from  disease  or 
accident,  the  average  proportion  was  1  to  40'8. 

The  proportionate  weight  of  the  brain  to  that  of  the  body  is  much  greater  at  birth 
than  at  any  other  period  of  life,  being,  according  to  Tiedemann,  about  1  to  5  85  in  the 
male,  and  about  1  to  6  5  in  the  female.  From  the  observations  already  referred  to, 
it  further  appears  that  the  proportion  diminishes  gradually  up  to  the  tenth  year, 
being  then  about  1  to  14.  From  the  tenth  to  the  twentieth  year,  tlie  relative  increase 
of  the  body  is  most  striking,  the  ratio  of  the  two  being  at  the  end  of  that  period 
about  1  to  30.  After  the  twentieth  year,  the  general  average  of  1  to  36.5  prevails, 
with  a  further  trifling  decrease  in  advanced  life. 

Viewed  in  relation  to  the  weight  of  his  body,  the  brain  of  man  may  be  stated 
generally  to  be  heavier  than  the  brains  of  the  lower  animals ;  but  there  are  some 
exceptions  to  the  rule,  as  in  the  case  of  certain  species  of  small  birds,  in  the  smaller 
apes,  and  in  some  small  rodent  animals. 

The  attempts  hitherto  made  to  measure  or  estimate  the  relative  proportions  of  the 
diflferent  convoluted  parts  of  the  cerebrum  to  each  other  and  to  the  degree  of  intelli- 
gence, either  more  directly  or  by  the  cranioscopic  methods,  have  as  yet  been  attended 
with  little  success.  The  more  recent  researches  of  Rudolph  Wagner,  which  have  been 
farther  prosecuted  by  his  son,  hold  out  some  promise  when  fully  carried  out  to  afford 
more  definite  results. 

These  researches  had  for  their  object  to  institute  an  accurate  comparison  between 
the  brains  of  certain  persons  of  known  intelligence,  cultivation,  and  mental  power, 
and  those  of  persons  of  an  ordinary  or  lower  grade.    As  examples  of  brains  of  men  of 


MEASUREMENT  OF  THE  CONVOLUTIONS. 


571 


superior  intellect  he  selected  those  of  Professor  Gauss,  a  well-known  mathematician  ot 
eminence,  and  Professor  Fuchs,  a  clinical  teacher;  and  as  examples  of  brains  of 
ordinary  persons,  those  of  a  woman  of  29  and  a  workman  named  Krebs,  all  of  which 
he  e.vamined  and  measured  with  scrupulous  care. 

The  general  result  of  11.  Wagner's  researches  upon  these  and  other  brains  may  be 
stated  to  be  as  follows  :— 1st.  Although  the  greatest  number  of  brains  belonging  to  men 
of  superior  intellect  are  found  to  be  heaviest  or  largest,  yet  there  are  so  many  instances 
in  which  the  brains  of  such  persons  have  not  surpassed,  or  have  even  fallen  below  the 
average  size  of  the  brains  of  ordinary  persons,  that  superiority  of  size  cannot  in  the 
present  state  of  our  knowledge  be  regarded  as  a  constant  accompaniment  of  superiority 
of  intellect,  even  when  due  regard  has  been  paid  to  the  comparative  stature  and  other 
circumstances  of  the  individuals. 

2nd.  It  would  appear  that  in  the  brains  of  certain  persons  of  superior  intellect, 
the  cerebral  convolutions  have  been  found  more  numerous  and  more  deeply 
divided  than  in  those  of  persons  of  ordinary  mental  endowments  and  without 
cultivation.  But  numerous  exceptional  instances  are  also  found  of  paucity  of  convolu- 
tions coincident  with  superior  intellect,  which  make  it  impossible  at  present  to  deduce 
any  certain  conclusion  with  respect  to  the  relation  between  the  number  or  extent 
of  the  convolutions  and  the  intellectual  manifestations  iu  different  persons. 

The  careful  measurement  of  all  the  convolutions  and  the  intervening  grooves  in  the 
four  brains  above  mentioned  has  been  carried  out  by  the  younger  Wagner, 
and  the  tables  and  results  of  these  measurements  published  by  him  as  an  appendix  to 
his  father's  treatise.  (Hermann  Wagner,  "  Maasbestimmungen  der  Oberflache  des 
Grossen  Qehirns,"  &c.,  Cassel  und  Gbttingen,  1864.) 

The  following  short  table,  extracted  from  Hermann  Wagner's  memoir,  and  simplified 
by  the  omission  of  small  fractions  and  by  the  reduction  of  the  measurements  from 
square  millimetres  to  English  square  inches,  may  give  the  reader  some  idea  of  the 
nature  of  the  inquiry  : — 

Comparative  measurement  of  the  extent  of  surface  of  the  Convolutions  of  the 

Cerebrum  and  its  lobes. 


Surface  of  each  lobe  separately. 

i 

1     Free  and  deep 
surfaces  of  cerebrum. 

"Who'e 
surface 
of 

Cerebrum. 

Frontal. 

Parietal. 

Occipital. 

Temporal. 

Free 
surface. 

Deep  or 
covered 
surface. 

1. 

139. 

70.0 

59.4 

68.4 

112.8 

228.2 

341 

2. 

143.4 

69.5 

50. 

67.5 

110.7 

231  3 

342 

3. 

130. 

65. 

51. 

66.8 

107.5 

209.9 

317.5 

4. 

Workman  ... 

113.2 

02.3 

50.5 

62. 

97.4 

193  0 

291. 

WEIGHT  OF  THE  SEVERAL  PARTS  OF  THE  ENCEPHALON. 
As  the  result  of  observations  made  in  reference  to  this  subject,  on  the  brains  of  53 
males  and  34  females,  betiveen  the  ages  of  twenty-five  and  fifty -five,  Dr.  J.  Keid  has 
given  the  following  table  : — 

Males. 

Average  weight  of  cerebrum   .       .       .       .    43  15a 
„  cerebellum     .       ,  ,.54* 

„  pons  and  medulla  oblongata .     0  153 


Females, 
oz.  drs. 
38  12 
4  12| 
1 


Difference. 

oz.  drs. 
5  33 
0  7i 


Ok 


0  04 


"  entire  encephalon .       .    50     34     44     84       5  11 

With  these  results  the  observations  of  Huschke  derived  from  a  special  examination 
of  the  brams  of  22  females,  and  38  males,  mainly  agree. 

i>  I'  2 
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From  this  it  appears  that  tlie  proportionate  wciglit  of  the  cerebellum  to  that  of  the 
cerebrum  is,  in  the  male,  as  1  to  8|,  and  in  the  female  as  1  to  S.j.  The  cerebellum 
attains  its  maximum  weight  from  the  twenty-fifth  to  the  fortieth  year ;  but  the  increase 
in  weight  after  the  fourteenth  year  is  shown  to  be  relatively  greater  in  the  female  than 
in  the  male.  The  whole  cerebellum  apart  from  the  pons  and  medulla  is  heavier  in  the 
male ;  the  lateral  lobes  of  the  cerebellum  arc  also  heavier  in  the  male.  In  the  male 
the  vermiform  process  increases  gradually  from  the  twentieth  to  the  fiftieth  year ;  in 
the  female  it  remains  stationary  during  that  period,  and  after  the  fiftieth  year 
diminishes  rapidly. 

In  the  new-born  infant  the  ratio  of  the  weight  of  the  cerebellum  to  that  of  the  whole 
brain  is  strikingly  different  from  that  observed  in  the  adult,  being,  according  to 
Chaussier,  between  1  to  13  and  1  to  26  ;  by  Cruvelhier  it  was  found  to  be  1  to  20. 
Huschke  found  the  weight  of  the  cerebellum,  medulla  oblongata  and  pons  together 
in  the  newborn  infant,  as  compared  with  that  of  the  brain,  to  be  in  the  proportion 
of  1  to  15,  and  1  to  13.    In  the  adult,  the  proportions  were  1  to  7,  and  1  to  6. 

In  most  mammalia,  the  cerebellum  is  found  to  be  heavier  in  proportion  to  the 
cerebrum,  than  it  is  in  the  human  subject ;  in  other  words,  the  cerebrum  in  man  is 
larger  in  proportion  to  the  cerebellum. 

Soemmerring  pointed  out  the  fact  that  the  brain  is  larger  in  proportion  to  the 
nerves  connected  with  it  in  man  than  in  the  lower  animals. 

A  comparison  of  the  width  of  the  cerebrum  with  that  of  the  medulla  oblongata 
shows  that  the  proportionate  diameter  of  the  brain  to  that  of  the  medulla  oblongata 
is  greater  in  man  than  in  any  animal,  except  the  dolphin,  in  which  creature,  however, 
it  must  be  remembered  that  the  cerebral  lobes  exhibit  a  disproportionate  lateral 
development.  The  width  of  the  cerebrum  in  man,  as  compared  with  that  of  the 
medulla  oblongata  at  its  base  or  broadest  part,  is  about  7  to  1,  while  in  many  quadru- 
peds it  is  as  3  to  1  or  even  as  2  to  1. 

WEIGHT  OP  THE  SPINAL  CORD. 

Divested  of  its  membranes  and  nerves,  the  spinal  cord  in  the  human  subject  weighs 
from  1  oz.  to  IJ  oz.,  and  therefore  its  proportion  to  the  encephalon  is  about  1  to  33. 
Meckel  states  it  as  1  to  40. 

The  disproportion  between  the  brain  and  the  spinal  cord  becomes  less  and  less  in 
the  descending  scale  of  vertebrata,  until  at  length,  in  cold-blooded  animals,  the 
spinal  cord  becomes  heavier  than  the  brain.  Thus,  in  the  mouse,  the  weight  of 
the  brain,  in  proportion  to  that  of  the  spinal  cord,  is  as  4  to  1 ;  in  the  pigeon,  as  83 
to  1 ;  in  the  newt,  only  as  |  to  1 ;  and  in  the  lamprey,  as  ^  to  1. 

In  comparison  with  the  size  of  the  body,  the  spinal  cord  in  man  may  be  stated  in 
general  terms  to  be  much  smaller  than  it  is  in  animals.  In  regard  to  the  cold- 
blooded animals,  to  birds,  and  to  small  mammalia,  this  has  been  actually  demonstrated, 
but  not  in  reference  to  the  larger  mammalia. 

R.  Wagner  states,  as  follows,  the  proportion  of  the  weight  of  the  spinal  marrow 
taken  as  1  to  the  encephalon  and  its  parts— 

a,  to  the  nerve  roots  : :  1  :  0  '53 

b,  to  the  medulla  and  pons  : :  1  :  1' 

c,  to  the  cerebellum  : :  1  :  5"18 

d,  to  the  cerebrum  : :  1  :  42'78 

e,  to  the  encephalon  :  :  1  :  48'96 

SPECIFIC  GRAVITY  OP  THE  ENCEPHALON. 

The  specific  gravity  of  different  parts  of  the  encephalon  has  of  late  attracted  some 
attention  from  its  having  been  observed  that  it  varies  to  some  extent  in  different 
kinds  of  disease.  From  the  researches  of  Bucknill,  Sankey,  Aitkcn,  and  Peacock  it 
appears  that  the  average  specific  gravity  of  the  whole  encephalon  is  about  103i3,  that 
of  the  grey  matter  1034,  and  that  of  the  white  1040.  There  are  also  considerable 
differences  in  the  specific  gravity  of  some  of  the  internal  parts.  (William  Aitken, 
"The  Science  and  Practice  of  Medicine,"  1865,  vol.  2,  p.  265  :  J.  C.  Bucknill  in  "  The 
Lancet,"  1852 :  Sankey,  in  the  "Brit,  and  For.  Med.  Chir.  Review,"  1853  :  Thos.  B. 
Peacock,  in  the  Trans,  of  the  Pathol.  Soc.  of  London,  18lil-2.) 
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DEVELOrMENT  OF  THE  CEREBKO-SPINAIi  AXIS. 

The  cerebro  spinal  axis  is  fonned  from  a  superficial  deposit  of  blastema,  which 
occupies  the  whole  width  of  the  dor.al  furrow,  that  elongated  depression  whose 
margins  come  together  to  complete  tlie  walls  of  the  cranio-vertebral  cavity  (p.  lb). 
This  layer  of  blastema  increases  in 


thickness  in  each  lateral  half,  while  in 


Fig.  386. 


Fig.  3SG.— Frimitive  form  op  thb 
Cerkbro-Spinal  Axis  in  the  Em- 
bryo OF  THE  Bird.  Magnified. 

A  and  B  (from  Reichert)  outlines  of 
the  dorsal  aspect  of  the  embryo  bird  at 
twenty-four  and  thirty-six  hours  of  in- 
cubation. In  A,  the  sides  of  the  pri- 
mitive groove  have  united  to  a  great 
extent  and  converted  it  into  a  canal, 
dilated  at  the  cephalic  extremity,  2  ; 
C,  the  cephalic  fold  of  the  germiual 
membrane;  8,  the  primordial  vertebral 
masses  ;  9,  the  unclosed  lumbar  part 
of  the  vertebral  groove.  In  B,  10,  11, 
and  12  indicate  the  partial  division  of 
the  cephalic  portion  of  the  tube  into  tlie 
three  primary  vesicles;  13,  the  rudi- 
ment of  the  eye  ;  14,  that  of  the  ear. 

C,  represents  a  transverse  section  of 
the  body  of  the  embryo  previous  to  the 
closure  of  the  vertebral  groove.  1, 
chorda  dorsalis  ;  2,  primitive  vertebral 
groove  ;  2  to  3,  medullary  plates  con- 
tinuous at  3,  with  i,  the  corneous  layer 
of  the  blastoderm  ;  5,  the  ventral  plates 
of  the  middle  layer ;  6,  the  lowest  or  epi- 
thelial layer ;  7,  the  primordial  vertebral 
masses. 


2  3 


Fig.  387. — Transverse  Section 
Part  of  the  Spinal  Cord  of  a 
Six  Weeks  (from  Kolliker).  ?! 


OP  THE  Cervical 
Human  Embryo  op 


This  and  the  following  figure  are  only  sketched,  the 
white  matter  and  a  part  of  the  grey  not  being  shaded 
in.  c,  central  canal;  e,  its  epithelial  lining;  at  c 
(inferioily),  the  part  which  becomes  the  anterior  com- 
missure ;  at  e'  (superiorly)  the  part  which  becomes 
the  posterior  commissure  ;  a,  the  white  substance  of 
the  anterior  columns,  beginning  to  be  separated  from 
the  grey  matter  of  the  interior,  and  extending  round 
into  the  lateral  column,  where  it  is  crossed  by  the 
line  from  g,  which  points  to  the  gi-ey  substance  ;  p, 
posterior  column  ;  a  r,  anterior  roots  ;  p  r,  posterior 
roots. 


the  middle  line— the  primitive  groove — it  remains 
thin  and  depressed.    The  thin  middle  portion  is 

that  which  forms  in  the  spinal  cord  the  anterior  commissure.  

that  the  walls  of  the  cranio-vertebral  cavity  are  completed  behind,  the  lateral  margins 
of  the  cerebro-spinal  axis  are  also  bent  backwards  and  meet  together,  so  as  to  form 
a  tube,  and  this  line  of  junction  is  tiie  rudiment,  in  the  spinal  cord,  of  the  posterior 
commissure,  while  the  space  witliin  the  cylinder  is  the  central  canal.  The  closure  of 
the  canal  first  takes  place  in  the  cervical  region,  and  subsequently  proceeds  thence 
backwards  in  the  dorsal,  lumbar,  and  sacral  regions. 


At  the  same  time 
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The  SPINAL  CORD  has  been  Ibund  by  Kolliker  already  in  the  form  of  a  cylinder  in 
the  cervical  region  of  an  embryo  four  weeks  old.  Ununited  borders  have  been  seen 
by  Tiedcmann  in  the  ninth  week  towards  the  lower  end  of  the  cord,  the  perfect  closing 
of  the  furrow  being  delayed  in  that  part,  which  is  slightly  enlarged  and  presents  a 
longitudinal  median  slit,  analogous  to  the  rhomboidal  sinus  in  birds. 

The  anterior  /insure  of  the  cord  is  developed  very  early,  and  contains  even  at  first 
a  process  of  the  pia  mater. 

The  cervical  and  lumbar  enlarfjements  opposite  the  attachments  of  the  brachial  and 
crural  nerves,  appear  at  the  end  of  the  third  month  :  in  these  situations  the  central 
canal,  at  that  time  not  filled  up,  is  somewhat  larger  than  elsewhere. 


Fig.  388. — Transvebse  Section  of  Half 

THE  Cartilaginous  Vertebral  Column 

AND  THE  Spinal  Cord  in  the  Cervical 

Part  op  a  Human  Embryo  op  prom 

nine  to  ten  weeks  (from  Kolliker).  IS 

1 

c,  central  canal  lined  with  epithelium  ; 
a,  anterior  column  ;  p,  posterior  column  ; 
p',  band  of  GoU ;  g,  ganglion  of  the 
posterior  root ;  p  r,  posterior  root ;  a  r, 
anterior  root  passing  over  the  ganglion ; 
dm,  duramatral  sheath,  omitted  near pr,' 
to  show  the  posterior  roots  ;  b,  body  of 
the  vertebra  ;  h,  chorda  dorsalis  ;  n  a, 
neural  arch  of  the  vertebra. 

At  first  the  cord  occupies  the  whole 
length  of  the  vertebral  canal,  so  that 
there  is  no  cauda  equina.  In  the  fourth 
month,  the  vertebras  begin  to  grow  more 
rapidly  than  the  cord,  and  the  latter 
seems  as  it  were  to  have  retired  up  into 
the  canal,  and  the  elongation  of  the  roots 
of  the  nerves  which  gives  rise  to  thecauda 
equina  is  commenced.  At  the  ninth 
month,  the  lower  end  of  the  cord  is 
opposite  the  third  lumbar  vertebra. 
In  textural  composition  the  spinal  cord  consists  at  first,  after  the  completion  of  its 
cylindrical  form,  entirely  of  uniform-looking  cells.  These  separate  into  two  layers, 
the  inner  of  which  forms  the  epithelium  and  surrounding  connective  tissue,  or  neu- 
roglia of  the  central  canal,  while  the  outer  forms  the  grey  substance  of  the  cord.  The 
white  substance  appears  later  than  the  grey,  forming  a  layer  external  to  it,  and  sepa- 
rated from  an  early  period  into  an  antero-lateral  and  a  posterior  column  on  each  side. 
At  a  somewhat  later  period  the  white  mass  of  these  columns,  increasing  greatly  in 
size,  gives  rise  to  the  formation  and  gradually  increasing  depth  of  the  anterior  and 
posterior  median  fissures.  At  the  same  time,  however,  the  lateral  masses  of  grey 
substance  also  undergo  extension  in  the  parts  named  the  cornua.  It  would  appear 
that  the  integral  nerve  fibres  are  at  first  developed  from  radiating  processes  which 
proceed  from  the  cells  of  the  grey  substance.  (Kolliker,  Entwicklungs-geschichte; 
Lockhart  Clarke,  in  the  Phil.  Trans.  1862  ;  Bidder  und  Kupfer,  Untersuch.  iib.  d. 
Eiickenmark,  Leipz.  1857.) 

It  may  also  be  mentioned,  that  according  to  Remak  and  Kolliker,  the  roots  of  the 
spinal  nerves  and  the  ganglion  are  at  first  unconnected  with  the  cord.  The  mass  of 
blastema  forming  the  ganglion  first  becomes  apparent,  and  from  this  the  posterior  root 
seems  to  grow  towards,  and  later  to  become  attached  to  the  cord,  while  the  anterior  root^ 
seem  to  extend  outwards  from  the  cord  and  to  unite  themselves  later  with  the  nerve. 

The  central  canal  is  at  first  nearly  cylindrical ;  it  then  becomes  flattened  at  the 
side?,  projecting  deeply  backwards  and  forwards.  Between  the  eighth  and  tenth 
■weeks  it  is  greatly  narrowed,  and  subsequently,  being  more  and  more  confined  to 
the  centre,  it  ultimately  diminishes  to  a  small  tube.  The  epithelial  cells  which  line 
it  from  the  first  are  long  or  columnar,  and  they  retain  this  form  in  the  adult. 


Fig.  388. 
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THE  ENCEPHALON. 
The  brain  is  originally  not  to  be  distinguished  from  the  spinal  cord,  being  in  fact 
the  anterior  portion  of  the  medullary  tube.  It  is  soon  altered  in  form  however,  by 
the  expansion  of  its  walls  in  certain  parts,  while  others  enlarge  in  a  less  degree,  and  it 
then  presents  the  appearance  of  a  series  of  three  cerebral  vesicles,  usually  designated 
by  embryologists  the  primary  cerebral  vesicles. 

Fig.  389.— SKETonBS  of  the  Pbimitivb  Parts 
OF  TUB  Human  Brain  (from  Kolliker). 

],  2,  and  3  are  from  a  human  embryo  of 
about  seven  weeks.  1,  view  of  the  whole 
embryo  from  behind,  the  brain  and  spinal  cord 
exposed  ;  2,  the  posterior,  and  3,  the  lateral 
view  of  the  brain  removed  from  the  body  ;  /(, 
the  anterior  part  of  the  first  primary  vesicle 
or  cerebral  hemisphere  (prosencephalon)  ;  i, 
the  posterior  part  of  the  same  vesicle  (dien- 
ctphalon)  ;  i',  the  lower  part  of  the  same  ;  m, 
the  middle  primary  vesicle  (mesencephalon)  ;  c, 
the  cerebellum  or  upper  part  of  the  third 
primary  vesicle  (epencephalon)  ;  m  o,  the  lower 
part  of  the  third  primary  vesicle  or  medulla 
oblongata.  The  figure  3  illustrates  the  several 
curves  which  take  place  in  the  development 

of  the  parts  from  the  primitive  medullary  tube.  In  4,  a  lateral  view  is  given  of  the 
brain  of  a  human  embryo  of  three  months  :  the  enlargement  of  the  cerebral  hemisphere 
has  covered  in  the  optic  thalami,  leaving  the  tubercula  quadrigemina,  »n,  apparent. 

The  changes  which  take  place  in  the  growth  of  the  brain  were  first  elaborately 
described  by  Tiedemann  ;  they  have  been  investigated  by  Von  Baer,  BischofF,  Eemak, 
Kolliker,  and  others,  and  have  recently  received  additional  elucidation  from  the 
researches  of  Reichert.  (Tiedemann,  "  Anatomic  und  Bildungs-geschichte  des 
Gehirns,"  Nuremberg,  1816;  Keichert,  "Bau  des  Menschlichen  Gehirns,"  Leipzig, 
1861 ;  F.  Schmidt,  "  Beitrage  z.  Entwick.  des  Gehirns,"  in  Zeitschr.  f.  Wissen.  Zool. 
1862  ;  Kolliker,  Entwicklungsgeschichte,  1861.) 

Devklopment  op  the  primary  vesicles. — The  anterior,  or  Jirst  vesicle,  is  the  part 
from  which  are  developed  the  third  ventricle,  the  optic  thalami,  the  corpora  striata, 
and  the  cerebral  hemispheres. 

The  middle  or  second  vesicle,  forms  the  corpora  quadrigemina  above,  and  the  crura 
cerebri  below, — its  cavity  remaining  as  the  Sylvian  aqueduct. 

The  posterior  or  third  vesicle  continues  incomplete  above  for  some  time,  in  so  far 
as  relates  to  its  nervous  substance.  At  length  its  anterior  portion  is  closed  over  and 
forms  the  cerebellum  above,  whilst  in  its  under  part  the  pons  Varolii  is  produced. 
The  posterior  portion,  on  the  other  hand,  continues  open  on  its  dorsal  aspect,  and 
forms  the  medulla  oblongata  and  fourth  ventricle. 


Fig.  390. — LoNOiTtJDiNAii  Section  op  the 
Cranial  Caviti  of  the  Human  Embryo  at 
four  weeks  (from  Kolliker). 

1,  2,  3,  4,  and  5,  mark  the  depressions  in 
the  cranial  wall  which  contain  respectively  the 
cerebral  hemispheres,  the  thalami,  the  corpora 
quadrigemina,  the  cerebellum,  and  the  medulla 
oblongata  ;  in  1,  at  o,  the  depression  of  the  eye, 
and  at  o',  the  optic  nerve  is  seen  ;  in  5,  at  a  u, 
the  primary  auditory  vesicle  ;  p,  process  from 
the  pharynx,  supposed  by  P.athke  to  be  con- 
nected with  the  formation  of  the  ])ituitary 
body  or  hypophysis  cerebri ;  t,  t,  middle 
cranial  septum  or  tentorium. 

These  three  vesicles,  at  first  arranged  in  a  straight  line  one  before  the  other,  soon 
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alter  their  position,  in  correspondence  witli  the  curving  downwards  of  the  cephalic 
end  of  the  embryo.  Thus,  at  the  sevcntli  week,  there  is  an  angular  bend  forwards 
between  the  hindmost  vesicle  and  the  rudimentary  spinal  cord,  the  projecting  angle 
(backwards)  being  named  the  cervical  tuberosity.  Another  bend,  but  in  the  opposite 
direction,  exists  between  that  part  of  the  third  vesicle  which  forms  the  medulla 
oblongata,  and  that  which  gives  rise  to  the  cerebellum.  Lastly,  a  third  angle  is  pro- 
duced by  a  bend  forwards  and  downwards  in  tlic  region  of  the  middle  vesicle,  from 
which  the  corpora  quadrigemina  are  developed,  and  which  forms,  at  this  period,  the 
highest  part  of  the  encephalon ;  whilst  the  anterior,  or  first  vesicle,  is  bent  nearly  at  a 
right  angle  downwards. 


391.  Fig.  391.  — Sketches  OF  THE  EARLY 

FORM  OF  THE  PARTS  OP  THE 
CEREBRO-SriNAIj    AxiS    IN  THE 

Human  Embryo  (after  Tiede- 
mann). 

A,  at  the  seventh  week,  lateral 
view  ;  1,  spinal  cord  ;  2,  medulla 
oblongata  ;  3,  cerebellum  ;  4,  mid- 
dle vesicle  or  corpora  quadrigemina ; 
5,  6,  7,  first  vesicle.  B,  at  the 
ninth  week,  posterior  view ;  1, 
medulla  oblongata ;  2,  cerebellum ; 
3,  corpora  quadrigemina  ;  4,  5,  tha- 
lami  optici  and  cerebral  hemispheres. 
C  and  D,  lateral  and  posterior  views 
of  the  brain  of  the  human  embryo 
at  twelve  weeks,  a,  cerebrum  ;  b, 
corpora  quadrigemina ;  c,  cere- 
bellum ;  d,  medulla  oblongata  ;  the 
thalami  are  now  covered  by  t-he 
enlarged  hemispheres.  E,  posterior 
view  of  the  same  brain  dissected  to 
show  the  deeper  parts.  1,  medulla 
oblongata  ;  2,  cerebellum  ;  3,  cor- 
pora quadrigemina  ;  4,  thalami 
optici ;  5,  the  hemisphere  turned 
aside  ;  6,  the  corpus  striatum  em- 
bedded in  the  hemisphere  ;  7,  the 
commencement  of  the  corpus  cal- 
losum,  F,  the  inner  side  of  the 
right  half  of  the  same  brain  sepa- 
rated by  a  vertical  median  section, 
showing  the  central  or  ventricular 
cavity.  1,  2,  the  spinal  cord  and 
medulla  oblongata,  still  hollow  ;  3, 
bend  at  which  the  pons  Varolii  is 
formed  ;  4,  cerebellum  ;  5,  lamina 
(superior  cerebellar  peduncles)  passing  up  to  the  corpora  quadrigemina  :  6,  crura  cerebri ; 
7,  corpora  quadrigemina,  still  hollow  ;  8,  third  ventricle  ;  9,  infundibulum  ;  10,  thala- 
mus, now  solid;  11,  optic  nerve;  12,  cleft  leading  into  the  lateral  ventricle;  13, 
commencing  corpus  callosum. 


At  an  early  period  of  the  development  of  the  brain,  the  anterior  primary  vesicle 
undergoes  a  peculiar  change,  by  which  two  sets  of  parts  are  originated,  the  first  of 
which  corresponds  to  the  cerebral  hemispheres,  the  second  to  the  thalami  optici ;  the 
middle  vesicle  remaining  single,  giving  rise  to  the  corpora  quadrigemina ;  and  the 
posterior  vesicle,  like  the  first,  but  at  a  somewhat  later  period,  serves  as  the  basis  of 
the  rudiments  of  two  parts,  viz.,  the  cerebellum  and  the  medulla  oblongata.  Thus, 
out  of  the  three  primary  vesicles  five  fundamental  parts  of  the  encephalon  are 
formed. 

The  following  tabular  statement  may  serve  as  a  synoptical  view  of  the  relation 
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subsisting  between  the  primary  enceplialie  vesicles,  the  five  fundamental  parts,  and 
the  principal  permanent  structures  of  the  brain  : — 

(Cerebral  HemisphoreB,  Corpus  Callosum, 

/I.  Prosenoepbalou.*  \    Corpora  Striata,  Fornix,  Lateral  Ventricles, 

I  (.    Olfactory  nerve. 

I.  Anterior  primary  Vesicle,  < 

I     ^.        ,  ,  ( Thalami  Optici,  Pineal  gland,  Pituitary 

^2.  Uiencephalon.      -j    body.  Third  Ventricle,  Optic  nei-ve. 

„   .  ,        „  „  ,  ,        (  Crura   Cerebri,     Corpora  Quadrigemina, 

II.  Middle  primary  Vesicle,      3.  Mesencephalon.    |    Aqueduct  of  Sylvius' 

,  „         ,  ,  (Cerebellum,  Pons  Varolii,  anterior  part  of 

ri.  Epencophalon.     |         p^^^^y^  Ventricle. 

III.  Posteriorpriraary  Vesicle,^  ,,,,,       .     „     iVTTi.-i  a 

j  ^  .  ,  ,  J  Medulla  Oblongata,  Fourth  Ventricle,  Au- 
l5.  Metencepbalon.    |    ditory  nerve. 

At  a  later  period  of  development,  the  anterior  part  of  the  first  vesicle,  which,  as 
stated  above,  represents  the  cerebral  hemispheres,  increases  greatly  in  size  upwards 
and  backwards,  and  gradually  covers  the  parts  situated  behind  it;  first  the  thalami, 
then  the  corpora  quadrigemina,  and  lastly  the  cerebellum. 

On  laying  open  the  rudimentary  encephalon,  two  tracts  of  nervous  matter  are  seen 
to  be  prolonged  upwards  from  the  spinal  cord  upon  the  floor  of  the  cephalic  vesicles  : 
these  tracts,  which  are  doubtless  connected  with  the  anterior  and  lateral  parts  of  the 
cord,  are  the  rudiments  of  the  C7-wa  cerebri  and  corresponding  columns  of  the 
medulla  oblongata. 

Farther  develop.ment  op  thk  primary  vesicles. — The  third  vesicle — The  poste- 
rior portion  of  this  vesicle,  corresponding  with  the  medulla  oblongata,  is  never  closed 
above  by  nervous  matter.  The  open  part  of  the  medullary  tube  constitutes  the  floor 
of  the  fourth  ventricle,  which  communicates  below  with  the  canal  of  the  spinal  cord, 
at  the  place  where  the  calamus  scriptorius  is  eventually  formed. 

The  three  constituent  parts  of  the  medulla  oblongata  begin  to  be  distinguished  about 
the  third  month  ;  first,  the  restiform  bodies  which  are  connected  with  the  commencing 
cerebellum,  and  afterwards  the  anterior  pyramids  and  olives.  The  anterior  pyramids 
become  prominent  on  the  surface  and  distinctly  defined  in  the  fifth  month ;  and  by 
this  time  also  their  decussation  is  evident.  The  olivary  fiisciculi  are  early  distin- 
guishable, but  the  proper  olivary  body,  or  tubercle,  does  not  appear  till  about  the 
sixth  month.  The  fasciolce  cinerece  of  the  fourth  ventricle  can  be  seen  at  the  fourth 
or  fifth  month,  but  the  white  striae  not  until  after  birth. 

The  anterior  part  of  the  third  vesicle  is  soon  closed  above  by  nervous  substance, 
and  forms  the  commencing  cerebellum.  This  part  exists  about  the  end  of  the  second 
month,  as  a  delicate  medullary  lamina,  forming  an  arch  behind  the  corpora  quadri- 
gemina across  the  widely-open  primitive  medullary  tube. 

According  to  Bischoff^,  the  cerebellum  does  not  commence,  as  was  previously  sup- 
posed, by  two  lateral  plates  which  grow  up  and  meet  each  other  in  the  middle  line  ;  but 
a  continuous  deposit  of  nervous  substance  takes  place  across  this  part  of  the  medullary 
tube,  and  closes  it  in  at  once.  This  layer  of  nervous  matter,  which  is  soon  connected 
with  the  corpora  restiformia,  or  inferior  peduncles,  increases  gradually  up  to  the  fourth 
month,  at  v,'hich  time  there  may  be  seen  on  its  under  surface  the  commencing  corpus 
denlatum.  In  the  fifth  month  a  division  into  five  lobes  has  taken  place ;  at  the  sixth, 
these  lobes  send  out  folia,  which  are  at  first  simple,  but  afterwards  become  subdivided'. 
Moreover,  the  hemispheres  of  the  cerebellum  are  now  relatively  larger  than  its 
median  portion,  or  worm.  In  the  seventh  month  the  organ  is  more  complete, 
and  the  flocculus  and  posterior  velum,  with  the  other  parts  of  the  inferior  vermiform' 
process,  are  now  distinguishable,  except  the  amygdalce,  which  are  later  in  their 
appearance. 

Of  tho  peduncles  of  the  cerebellum,  the  zVmo?- pair  (corpora  restiformia)  are  the 
first  seen-viz.,  about  the  third  month;  the  middle  peduncles  are  perceptible  in  the 
fourth  month;  and  at  the  fifth,  the  superior  peduncles  and  the  Vieussenian  valve. 

*.  This  and  the  four  following  terms  are  adopted  as  applicable  to  the  principal  secondarv 
d.v.8.on.s  of  the  primordial  medullary  tube,  and  as  corresponding  to  the  commonly  received 
names  of  the  German  embryologmts,  viz.,  Vorderhirn,  Twischenhirn,  Mittelhirn,  Hinter- 
hii-n  andNachhirn  ;  or  their  less  used  English  translations,  viz.,-forebrain,  iuterbrain, 
midbrain,  hindbrain,  and  afterbrain. 
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Ihe  pons  Varohi  iB  formed,  as  it  were,  by  U,e  fibres  from  the  liemispheres  of  the 
cerebe  lum  embraeing  the  pyramidal  and  olivary  fasciculi  of  the  medulla  oblongata 
According  to  Bacr,  the  bend  which  takes  place  at  this  part  of  the  enccpluilon 
thrusts  down  a  mass  of  nervous  substance  before  any  fibres  can  be  seen-  and  in 
this  substance  transverse  fibres,  continuous  with  those  of  the  cerebellum  'are  after- 
wards dcve  oped,  Irom  its  relation  to  the  cerebellar  hemispheres  the  pons  keens 
pace  with  them  in  its  growth;  and,  in  conformity  with  this  relation,  its  transverse 
fibres  arc  few,  or  entirely  wanting,  in  those  animals  in  which  there  is  a  correspondine 
deficiency  or  absence  of  the  lateral  parts  of  the  cerebellum. 


Fig.  392.  Fig.  392  A.— Bkain  and  Spinal  Cord  exposkd  from  behind  in  a 

FcDTus  OP  THREE  MONTHS  (from  Kolliker), 


h,  the  hemispheres  ;  m,  the  mesencephalic  vesicle  or  corpora 
quadrigemina  ;  c,  the  cerebellum  ;  below  this  are  the  medulla 
oblongata,  mo,  and  fourth  ventricle,  with  remains  of  the  raembrana 
obturatoria.  The  spinal  core],  s,  extends  to  the  lower  end  of  the 
sacral  canal  and  presents  the  brachial  and  crural  enlargements. 

Fig.  393  B. — Upper  View  op  the  Brain  op  a  three  months' 
FosTus,  in  which  the  Hemispheres  have  been  divided  and 

TURNED  aside,  AND  THE  YeSICLE  OP  THE  MESENCEPHALON  (COR- 
PORA Quadrigemina)  OPENED  (from  Kolliker). 

/,  anterior  part  of  the  great  arch  of  the  hemispheres  over  the 
cerebral  fissure  ;  /',  posterior  part  descendiug  into  the  cornu  am- 
monis  ;  cs,  corpus  striatum;  th,  thalamus  opticus;  m,  in  the 
floor  of  the  opened  vesicle  of  the  mesencephalon,  which  is  still 
hollow. 

The  second,  or  middle  vesicle. — The  corpora  quadrigemina 
are  formed  in  the  upper  part  of  the  middle  cephalic  vesicle ; 
the  hollow  in  the  interior  of  which,  communicates  with  those 
of  the  first  and  third  vesicles.  The  corpora  quadrigemina,  in 
the  early  condition  of  the  human  embryo,  are  of  great  propor- 
tionate volume,  in  harmony  with  what  is  seen  in  the  lower 
vertebrata ;  but  subsequently  they  do  not  grow  so  fast  as  the 
anterior  parts  of  the  encephalon,  and  are  therefore  soon 
overlaid  by  the  cerebral  hemispheres,  which  at  the  sixth  month 
cover  them  in  completely.  Moreover,  they  become  gradually 
solid,  by  the  deposition  of  matter  within  them ;  and  as,  in  the 
meantime,  the  cerebral  peduncles  are  increasing  rapidly  in  size 
in  the  floor  of  this  middle  cephalic  vesicle,  the  cavity  in  its 
interior  is  quickly  filled  up,  with  the  exception  of  the  narrow 
passage  named  the  Sylvian  aqueduct.  The  fillet  is  distinguish- 
able in  the  fourth  month.  The  corpora  quadrigemina  of  the 
two  sides  are  not  marked  off  from  each  other  by  a  vertical 
median  groove  until  about  the  sixth  month ;  and  the  trans- 
verse depression  separating  the  anterior  and  posterior  pairs 


is  first  seen  about  the  seventh  month  of  intra-uterine  life. 
Tlie/rsi,  or  anterior  vesicle. — This  vesicle,  very  soon  after  its  formation,  exhi- 
bits two  lateral  outgrowths— the  o^itc  vesicles,— destined  to  form  the  fundamental 
parts  of  the  organs  of  vision.  Each  of  these  soon  becomes  separated  from  the  parent 
vesicle  by  a  constricted  part,  which  forms  the  optic  nerve  and  tract.  The  first  vesicle 
has  usually  been  described  as  dividing  into  two  portions— -viz.,  a  posterior,  which  is 
developed  into  the  optic  thalami  and  third  ventricle,  and  an  anterior,  which  forms  the 
principal  mass  of  the  cerebral  hemispheres,  including  the  corpora  striata.  Eeichert, 
however,  has  pointed  out  that  the  hemispheres  and  corpora  striata  are  developed 
from  the  sides  of  the  fore  part  of  the  vesicle,  and  become  distinguished  from  it  by  a 
constriction  similarly  as  the  optic  vesicles  had  previously  been,  and  that  there  is  left 
between  the  hemisphere-vesicles  of  opposite  sides  a  wedge-shaped  interval,  which 
forms  the  third  ventricle.  He  points  out  that  the  terminal  extremity  of  the  cerebro- 
spinal tube  is  at  the  tip  of  this  wedge,  and  is  placed  immediately  in  front  of  the  optic 
commissure,  at  the  lamina  cinerea ;  and  that  therefore  the  infundibulum  is  not  tliat 
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extremity,  as  had  I)ccn  previously  supposed  by  Baer,  but  is  an  expansion  of  the 
vesicle  downwards,  in  similar  fashion  as  there  is  an  expansion  of  it  upwards  in  the 
region  of  the  pineal  body. 

The  pituitary  body  was  asserted  by  Rathkc  to  be  derived 
from  a  prolongation  upwards  of  the  mucous  membrane  of  the  Fig.  393. 

pharynx  into  the  base  of  the  skull  between  the  trabeculae.  Ifc 
appears,  however,  from  the  researches  of  IJeichert  and  Bidder, 
that  the  base  of  the  skull  is  never  imperfect  in  this  region. 
Reiehert  suggested  that  the  pituitary  body  might  be  derived 
from  the  extremity  of  the  chorda  dorsalis,  but  is  now  rather 
inclined  to  think  that  it  is  a  development  of  the  pia  mater. 

Fig.  393. — Br.mn  and  Spinal  Cord  op  a  Fcetus  of  four 
MONTHS,  SKEN  FBOM  BEHIND  (from  Kolliker). 

h,  hemispheres  of  the  cerebrum  ;  m,  corpora  quadrigemina 
or  mesencephalon  ;  c,  cerebellum  ;  m  o,  medulla  oblongata,  the 
fourth  ventricle  being  overlapped  by  the  cerebellum ;  s,  s,  the 
spinal  cord  with  its  brachial  and  crural  enlargements. 

The  pineal  gland,  according  to  Baer,  is  developed  from 
the  back  part  of  the  thalami,  where  those  bodies  continue 
joined  together;  but  it  is  suggested  by  Bischoff  that  its 
development  may  be  rather  connected  with  the  pia  mater. 
It  was  not  seen  by  Tiedemann  until  the  fourth  month  :  sub- 
sequently its  growth  is  very  slow ;  and  it  at  first  contains  no 
gritty  deposit :  this,  however,  was  found  by  Sommerring  at 
birth. 

The  two  optic  thalami,  formed  from  the  posterior  part  of 
the  anterior  vesicle,  consist  at  first  of  a  single  hollow  sac  of 
nervous  matter,  the  cavity  of  which  communicates  in  front 
with  the  interior  of  the  commencing  cerebral  hemispheres,  and 
behind  with  that  of  the  middle  cephalic  vesicle  (corpora 

quadrigemina).    Soon,  however,  by  means  of  a  deposit  taking  place  in  their  interior 

Fig.  394. 


Fig.  394.— Semidiaoramsiatio  Views  op  the  Inner  Surface  op  the  Right  Cerebral 
Schmidt"'''^^  °^  '^"'^  ^'^'^"^  ^""^^^  '^'^  various  stages  op  develoi'Ment  (from 

1,  2,  and  3,  are  from  fwtuses  of  the  respective  ages  of  eight,  ten,  and  sixteen  weeks  • 
4  from  a  fcetus  of  six  months,  a,  lamina  terrainalis  or  part  of  the  first  primary  vesicle 
wh.ch  adheres  to  the  sella  turcica  ;  b,  .section  of  the  cerebral  peduncle  as  it^asses  into  t  e 
it        fi'"  f^'-"*"™  =        "-''^'''^         ^l^'^l^  surrounds  this  bounds  the  gr  at 

nr.    Tl^  '  ^""""'^  ^'"1       ^^Pt'i'"  '""i'l"-"  :      inner  part  of 

the  arch  of  the  cerebrum,  afterwards  the  hippocampus  major  and  pes  erior  part  of  the 
fornix  ;  e,  corpus  callosum,  very  short  in  3,  elongated  backwards  in  4  ;  in  4,  /,  the 
fXn^I  f'-°"''0-parietal  fi.ssure  ;  y,  gyrus  fornic^tus  ;  the 

Wlb    i  P  0  T  frrfa?''"'"-^'/'?  ''"^  ''"^"^^  hh>pocampus;  I, 'olfa'ctor^ 

bulb ,  K,  P,  0,  T,  frontal,  parietal,  occipital  and  temporal  lobes. 
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behind,  below,  and  at  the  sides,  the  thalami  become  solid,  and  at  the  same  time  a 
cleft  or  fi.ssin-e  appears  between  them  above,  and  penetrates  down  to  the  internal 
cavity,  which  continues  open  at  the  back  part  opposite  the  entrance  of  the 
Sylvian  aqueduct.  This  cleft  or  fissure,  is  the  third  ventricle.  Behind,  the  two 
thalami  continue  united  by  the  posterior  commissure,  which  is  distinguishable 
about  the  end  of  the  third  month,  and  also  by  the  peduncles  of  the  pineal  gland'  The 
soft  commissvre  could  not  be  detected  by  Tiedemann  until  the  ninth  month ;  but  its 
apparent  absence  at  earlier  dates  may  perhaps  be  attributed  to  the  eflFccts  of  laceration. 

At  an  early  period  the  optic  tracts  may  be  recognised  as  hollow  prolongations  from 
the  outer  part  of  the  wall  of  the  thalami  while  they  are  still  vesicular.  At  the  fourth 
month  these  tracts  are  distinctly  formed. 

The  hemisphere-vesicle  becomes  divisible  into  two  parts  :  one  of  these  is  the  part 
which  from  the  interior  appears  as  the  corpus  striatum,  and  from  the  exterior  as  the 
island  of  Reil,  or  central  lobe ;  the  other  forms  the  expanded  or  covering  portion 
of  the  hemisphere,  and  is  designated  by  Ecichert,  the  mantle.  The  aperture  ex- 
isting at  the  constricted  neck  of  the  hemisphere  vesicle,  Schmidt  and  Reichert  have 
recognised  as  the  foramen  of  Monro. 

The  co7-pora  striata,  it  will  be  observed,  have  a  very  different  origin  from  the  optic 
thalami ;  for,  while  the  optic  thalami  are  formed  by  thickening  of  the  circumferential 
■wall  of  a  part  of  the  first  cerebral  vesicle,  and  thus  correspond  in  their  origin 
with  all  tlie  parts  of  the  encephalon  behind  them,  which  are  likewise  derived  from 
portions  of  the  cerebro-spinal  tube,  the  corpora  striata  appear  as  thickenings  of  the 
floor  of  the  hemisphere-vesicles,  which  are  lateral  offshoots  from  the  original  cerebro- 
spinal tube.  On  this  account  Eeichert  considers  the  brain  primarily  divisible  into  the 
stem,  which  comprises  the  whole  encephalon  forwards  to  the  tasnia  semicircularis,  and 
the  hemisphere-vesicles,  which  include  the  corpora  striata  and  hemispheres. 

The  cerebral  hemispheres  enlarging,  and  having  their  walls  increased  in  thickness, 
form,  during  the  fourth  month  (Tiedemann),  two  smooth  shell-like  lamellse,  which 
include  the  cavities  afterwards  named  the  lateral  ventricles,  and  the  parts  contained 
within  them.  Following  out  the  subsequent  changes  affecting  the  exterior  of  the 
cerebral  hemispheres,  it  is  found  that  about  the  fourth  month  the  first  traces  of  some 
of  the  convolutions  appear,  the  intermediate  sulci  commencing  only  as  very  slight 


Fig.  395. 


B 


Fig.  395.— The  Surface  op  the  Fcetal  Brain  at  Six  Mouths  (from  R.  Wagner). 


This  figure  is  intended  to  show  the  commencement  of  the  formation  of  the  principal 
fissures  and  convolutions.  A,  from  above  ;  B,  from  the  left  side.  F,  frontal  lobe ;  P, 
parietal  •  0,  occipital ;  T,  temporal  ;  a,  a,  a,  slight  appearance  of  the  several  frontal 
convolutions  ;  s,  the  Sylvian  fissure  ;  s',  its  anterior  division  ;  within  it,  C,  the  central 
lobe  or  convolutions  of  the  island  ;  r,  fissure  of  Rolando  ;  p,  the  vertical  fissure  (external 
part)  ;  t,  the  parallel  fissure. 

depressions  on  the  hitherto  smooth  surface.  Though  the  hemispheres  continue  to 
grow  quickly  upwards  and  backwards,  the  convolutions  at  first  become  distinct  by 
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comparatively  slow  degrees ;  but  towards  the  seventh  and  eighth  months  they  are 
developed  with  great  rapidity,  and  at  the  beginning  of  the  last  month  of  intra-uteriue 
life,  all  the  principal  ones  are  marked  out. 

The  Si/tvian  /mi(re,  Avhich  afterwards  separates  the  anterior  from  the  middle  lobe 
of  each  iicmiiphere,  begins  as.  a  depression  or  cleft  between  them  about  the  fourth 
month,  and,  after  tlie  great  longitudinal,  is  the  first  of  the  fissures  to  make  its 
appearance.  It  is  followed  by  the  fissure  of  Rolando,  and  the  vertical  fissure,  and 
somewhat  later  by  the  internal  fronto-parietal  fissure.  After  this,  the  various  sub- 
ordinate fissures  dividing  the  convolutions  gradually  make  their  appearance.  By  the 
end  of  the  third  month  the  hemispheres  have  extended  so  far  backwards  as  to 
cover  the  thalami ;  at  the  fourth,  they  reach  the  corpora  quadrigemina ;  at  the 
si.xth,  they  cover  those  bodies  and  great  part  of  the  cerebellum,  beyond  which  they 
project  still  further  backwards  by  the  end  of  the  seventh  month. 

During  the  growth  of  the  hemisphere  the  aperture  of  the  foramen  of  Monro  is 
extended  backwards ;  the  arched  margin  of  this  opening  is  curved  downwards  at 
its  extremities,  and  forms  anteriorly  the  fornix,  and  posteriorly  the  corpus  fimbriatum 
and  hippocampus  major;  above  the  margin  a  part  of  the  wall  of  each  hemisphere 
comes  into  contact  with  its  fellow,  and  in  the  lower  part  forms  the  septum  lucidum, 
while  above  this  the  hemispheres  are  united  by  the  development  of  the  great 
commissure,  the  corpus  callosum. 

The  corpus  callosum  is  described  by  Tiedemann  as  being  first  seen  about  the  end  of 
the  third  month,  as  a  narrow  vertical  band,  extending  across  between  the  forepart  of 
the  two  hemispheres,  and  subsequently  growing  backwards.  With  this  view  the 
observations  of  Schmidt  coincide.  Reicliert,  however,  maintains  that  the  commissural 
structure  seen  at  the  forepart  of  the  hemispheres  is  the  anterior  white  commissure, 
and  that  the  corpus  callosum  appears  in  its  whole  extent  at  once. 

The  corpora  albicantia  at  first  form  a  single  mass  :  so  also  do  the  anterior  ]oillars 
of  the  fornix,  which  are  distinguished  before  the  posterior  pillars.  The  posterior 
pillars  are  not  seen  until  the  fourth  or  fifth  month.  At  that  period  the  hippocampus 
minor  is  also  discernible. 


Kg.  396. 


Fig.  396. — View  of  the  Inner 
Surface  of  the  eight  half 

OF  THE  FCETAL  BrAIN  OF  ABOUT 

SIX  MONTHS  (from  Reichert). 

F,  frontal  lobe ;  P,  parietal  ; 
0,  occipital ;  T,  temporal  ;  I, 
olfactory  bulb ;  H,  right  optic 
nerve;  fp,  fronto-parietal  fis- 
sure ;  p,  vertical  fissure  ;  jj',  in- 
ternal vertical  fissure  ;  h,  hippo- 
campal  fissure  ;  g,  gyrus  forni- 
catus ;  c,  c,  corpus  callosum ; 
s,  septum  lucidum  ;  /,  placed 
between  the  middle  commissure 
and  the  foramen  of  Monro ; 
V,  in  the  upper  part  of  the 
tbird  ventricle  immediately  below 
the  velum  interpositum  and  for- 
nix ;  t)',  in  the  back  part  of  the 

third  yentricle  below  the  pineal  gland,  aild  pointing  by  a  line  to  the  aqueduct  of  Sylvius  ; 
1/,  m  the  lower  part  of  the  thirl  ventricle  above  the  infundibulum  ;  r,  recessus  pinealis 
passmg  backwards  from  the  tela  choroidea ;  p  v,  pons  Varolii ;  Ce,  cerebellum. 

MEMBRANES  OF  THE  ENCEPHALON, 

«pnl!!-'''°'^/''*f  '^y.^^f^^'^fi"'  t^i^t  tlie  pia  mater  and  arachnoid  are  formed  by  the 
separation  of  he  outer  layer  of  the  primitive  cephalic  mass;  and  thus,  that  ih<,  pia 
mater  does  no  send  inwards  processes  into  the  fissures  or  sulci,  nor  into  the  ventri- 
cular cavities ;  but  that  every  part  of  this  vascular  membrane,  including  the  choroid 
plexuses  and  velum  mterposUum,  is  formed  in  its  proper  position  in  connection 
with  the  nervous  matter.  The  dura  mater,  ou  the  other  hand,  is  developed  from  the 
mner  surface  of  the  dorsal  plates. 


.'582 


THE  CRANIAL  NERVES. 


Ihe  pia  maler  and  dura  mater  have  both  been  detected  about  the  seventh  or 
eighth  week,  at  whicli  period  the  tentorium  cercbelli  exists.  At  the  third  month, 
the  falx  cerebri,  with  the  longitudinal  and  lateral  sinuses,  are  perceptible ;  and  the 
choroid  plexuses  of  both  the  lateral  and  fourtii  ventricles  arc  distinguishable.  No 
trace  of  arachnoid,  however,  can  be  seen  until  the  fifth  month. 


11.  THE  CERE  BRO-S  PINAL  NERVES. 

The  nerves  directly  connected  witli  the  great  cerebro-spinal  centre 
constitute  a  series  of  symmetrical  pairs,  the  number  of  which  has  been 
variously  estimated  from  forty  to  forty-three.  Of  these  nerves,  when  esti- 
mated at  the  smaller  number,  nine  issue  from  the  cranium  through  different 
foramina  or  apertures  in  its  base,  and  are  thence  strictly  named  cranial. 
The  tenth  nerve  passes  out  between  the  occipital  bone  and  the  first  vertebra, 
knd  the  remaining  thirty  nerves  all  issue  below  the  corresponding  vertebral 
pieces  of  the  spine.  To  the  whole  series  of  thirty-one  nerves  the  name  of 
spinal  is  usually  given, 

A.— CRANIAL  NERVES. 

The  cranial  nerves,  besides  being  named  numerically,  according  to  the 
relative  position  of  the  apertures  for  their  exit  from  the  cranium,  have 
likewise  been  distinguished  by  other  names,  according  to  the  place  or 
mode  of  their  distribution,  and  according  to  their  functions  or  other  circum- 
stances. 

The  number  of  the  cranial  nerves  has  been  variously  stated  as  nine  or  as 
twelve  by  different  anatomists  ;  the  difference  consisting  mainly  in  this, 
that,  under  one  system,  the  nerves  which  enter  the  internal  auditory 
meatus,  and  those  which  pass  through  the  jugular  foramen,  are  in  each 
case  considered  a  single  pair  (seventh  and  eighth)  divisible  into  parts  ; 
while  under  another  system  each  of  the  nerves  is  held  to  constitute  a 
distinct  pair.  The  following  table  presents  a  synoptical  view  of  the  cranial 
nerves  under  these  two  modes  of  enumeration,  as  in  the  respective  systems 
of  Willis  and  of  Sommerring  : — 

Olfactory  nerves. 
Optic. 

Oculo  motor. 
Pathetic  or  trochlear. 
Trifacial  or  trigeminal. 
Abducent  ocular. 
Facial  motor. 
Auditory. 
Glosso-pharyngeal. 
Pneumo-gastric. 
Spinal  accessory. 
Hypoglossal  or  lingual  motor. 

The  arrangement  of  Sommerring  is  the  preferable  one,  as  being  the 
simplest  and  most  natural ;  for  each  of  the  parts  included  in  the  seventh 
and  eighth  pairs  of  Willis  is  really  a  distinct  nerve.  But  as  the  plan  of 
W^illis  is  still  in  more  general  use,  it  will  most  conveniently  be  followed 
here.  The  cranial  nerves  will  therefore,  when  not  otherwise  designated,  be 
referred  to  as  consisting  of  nine  pairs. 

*  Willis  described  the  glosso-pbaryngeal  nerve  as  a  branch  of  the  vagus,  and  included 
the  suboccipital  nerve  as  a  tenth  among  the  cranial  nerves. 


Willis.* 

First  pair  of  nerves 
Second  ,, 
Third 

Fourth       , , 

Fifth  ,. 

Sixth  ,, 

e,  ,1  f  nervus 
Seventh        ■{  „ 


Eighth 
Ninth 


durus. 


'  1^  n.  mollis 
n.  vagus 
accessorius 


SffiMJIERRINQ. 

First  pair  of  nerves 

Second  , , 

Third  ,, 

Fourth  ,, 

Fifth  ,, 

Sixth  ,, 

Seventh  ,, 
Eighth 

Ninth  ,, 

Tenth  ,, 

Eleventh  , , 

Twelfth  ,, 
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CONNECTIONS  OF  THE  CRANIAL  NERVES  WITH  THE  EiVCEPHALON. 

The  roots  of  the  cranial  nerves  may  be  traced  for  some  depth  into  the 
substance  of  the  oncephalon,  a  circumstance  which  has  led  to  the  distinction 
of  the  deep  or  real  origin,  and  the  stq^erjicial  or  ajyparent  origin,  by  which 
latter  is  understood  the  place  at  which  the  nerve  appears  to  be  attachd  J  to 
the  siirface  of  the  eucephalon.  The  superficial  origin  of  these  nerves  is 
quite  obvious,  but  their  deeper  connection  is,  in  most  cases,  still  a  matter  of 
some  uncertainty. 


Fig.    397 — View  from 

BELOW  OF  TUE  CONNEC- 
TION OF  THE  Principal 
Nerves  with  the 
Bkain. 

The  full  descriptiou  of 
this  figure  will  be  found 
at  p.  538.    The  following 
references  apply  to  the 
roots  of  the  nerves  :  I', 
the  right  olfactory  tract 
divided  near  its  middle ; 
11,  the  left  optic  nerve 
springing  from  the  com- 
missure which    is  con- 
cealed by  the  pituitary 
body  ;  11',  the  right  optic 
tract ;  the  left  tract  is 
seen  passing  back  into 
i  and  e,  the  internal  and 
external  corpora  genicu- 
lata  ;  III,  the  left  oculo- 
motor nerve ;    IV,  the 
trochlear ;    V,    V,  the 
large  roots  of  the  tri- 
facial nerves  ;  +  + ,  the 
lesser  roots,  the  +  of  the 
right  side  is  placed  on  the 
Gasserian  ganglion ;  1, 
the  opthalmic  ;   2,  the 
superior  maxillary,  and 
3,  the  inferior  maxillary 
nerves  ;  VI,  the  left  ab- 
ducent nerve  ;  VII,  a,  b, 
the  facial  and  auditory 
nerves;  a,  VIII,   b,  the 
glosso-pharyngeal,  pneu- 
mo-gastrio,  and  spinal  ac- 
cessory nerves  ;  IX,  the 
right  hypoglossal  nerve  ; 
at  0,  on  the  left  side,  the 
rootlets    are    seen  cut 
short ;  CI,  the  left  sub- 
occipital or  first  cervical 
nerve. 


Fig.  397, 


cL  Co, 


1.  The  first  or  olfactory  nerve,  as  it  is  usually  described,  small  in  man  in 
comparison  with  animals,  lies  on  the  under  surface  of  tlie  anterior  lobe  of  the 
cerebrum  to  the  outer  side  of  the  longitudinal  median  fissure,  lodged  in  a 
sulcus  between  two  straight  convolutions.  Unlike  other  nerves,  it  cou.sists 
of  a  large  proportion  of  grey  matter  mixed  with  white  fibres,  and  indeed ■ 
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agrees  closely  m  structure  with  the  cerebral  substance.  It  swells  into  an  oval 
enlai-gement,  the  olfactory  hulb,  in  front,  which  also  contains  much  grey 
matter,  and  from  this  part  small  soft  nerves  descend  through  the  cribriform 
plate  into  the  nose.  When  traced  backwards,  it  is  found  to  be  spread  out 
and  attached  behind  to  the  under  surface  of  the  anteiior  lobe  by  means  of 
three  roots,  named  external,  middle,  and  internal,  which  pass  in  different 
directions.  The  bulbous  part  is  therefore  rather  to  be  regarded  as  an 
olftictory  lobe  of  the  cerebrum  than  as  a  part  of  a  true  nerve,  while  the 
white  part  prolonged  backwards  into  the  brain,  together  with  its  so-called 
roots,  may  be  termed  the  olfactory  tract. 

The  external  or  long  root  consists  of  a  band  of  medullary  fibres,  which 
passes,  in  the  form  of  a  white  streak,  outwards  and  backwards  along  the 
anterior  margin  of  the  perforated  space,  towards  the  posterior  border  of  the 
Sylvian  fissure,  where  it  may  be  followed  into  the  substance  of  the  cere- 
brum. Its  further  connections  are  doubtful,  but  it  has  been  stated  that  its 
fibres  have  been  traced  to  the  following  parts,  viz.,  the  convolutions  of  the 
island  of  Reil,  the  anterior  commissure,  and  the  superficial  layer  of  the 
optic  thalamus  (Valentin). 

The  middle  or  greij  root  is  of  a  pyramidal  shape,  and  consists  of  grey 
matter  on  the  surface,  which  is  prolonged  from  the  adjacent  part  of  the 
anterior  lobe  and  perforated  space.  Within  it  there  are  white  fibres,  which 
have  been  traced  to  the  corpus  striatum. 

The  internal  root  (short  root,  Scarpa),  which  cannot  always  be  demon- 
strated, is  composed  of  white  fibres  which  may  be  traced  from  the  inner  and 
posterior  part  of  the  anterior  lobe,  where  they  are  said  by  FoviUe  to  be 
connected  with  the  longitudinal  fibres  of  the  gyrus  fornicatus. 

The  question  whether  the  olfactory  bulbs  ought  to  be  considered  as  nerves  or  as 
cerebral  lobes  is,  if  tested  by  reference  to  the  history  of  development,  not  so  simple 
as  might  at  first  appear.  It  is  in  favour  of  their  being  regarded  as  lobes,  that  in 
the  lower  vertebrate  animals  the  olfactory  bulbs  are  generally  recognised  by  com- 
parative anatomists  as  additional  encephalic  lobes,  and  that  in  most  mammals  they 
are  much  larger  proportionally  than  in  man,  and  frequently  contain  a  cavity  or 
ventricle  in  their  interior,  and  further  that  in  their  minute  structure  they  nearly 
agree  with  the  cerebrum ;  but  as  it  is  known  that  in  the  first  development  of  the 
eye  the  peripheral  part  or  retina,  as  well  as  the  rest  of  the  optic  nerve,  is  originally 
formed  by  the  extension  of  a  hollow  vesicle  from  the  first  foetal  encephalic  compart- 
ment, so  in  the  case  of  the  olfactory  nerve,  although  the  peripheral  or  distributed  part 
is  of  separate  origin  from  the  olfactory  bulb,  the  latter  part  is  comparable  in  its 
origin  with  the  optic  vesicle. 

2.  The  second  pair  or  optic  nerves  of  the  iwo  sides  meet  each  other  at 
the  optic  commissure  (chiasma),  where  they  partially  decussate.  From  this 
point  they  may  be  traced  backwards  round  the  crura  cerebri,  under  the 
name  of  the  optic  tracts. 

Each  optic  tract  arises  from  the  optic  thalamus,  the  corpora  quadri- 
gemina,  and  the  corpora  geniculata.  As  it  leaves  the  under  part  of  the 
thalamus,  it  makes  a  sudden  bend  forwards  and  then  runs  obliquely  across 
the  under  surface  of  the  cerebral  peduncle,  in  the  form  of  a  flattened  band, 
which  is  attached  by  its  anterior  surface  to  the  peduncle  ;  after  this,  becoming 
more  nearly  cylindrical,  it  adheres  to  the  tuber  cinereum,  from  which  and,  as 
stated  by  Vicq-d'Azyr,  from  the  lamina  cinerea  it  is  said  to  receive  an 
accession  of  fibres,  and  thus  reaches  the  optic  commissure. 

In  the  commissrire  the  nerve-fibres  of  the  two  sides  undergo  a  partial  de- 
cussation.   The  outer  fibres  of  each  tract  continue  onwards  to  the  eye  of  the 
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Bame  side  :  the  inner  fibres  cross  over  to  the  opposite  side  ;  and  ^^^^^^^^ 
been  described  as  nmning  from  one  optic  tract  to  the  other  along  the 
posterior  part  of  the  commissure,  while  others  pass  between  the  two  optic 
nerves  in  its  anterior  part  (Mayo).  „„+:^„m 
In  front  of  tbo  commissure,  the  nerve  enters  the  foramen  opticum, 
recei\dng  a  sheath  from  the  dura  mater  and  acquiring  greater  firmness. 

Fig.  398. 


Fig.  398, — Lateral  View  op  the  Connkotion  of  thk  Puinoipal  Nerves  WiTfl  iTHii 

Brain. 

The  full  description  of  this  figure  will  be  found  at  p.  553.  The  foUowiilg  refereniseB 
apply  to  the  roots  of  the  nerves  :  I,  the  right  olfactory  tract  cut  near  its  middle  ;  II,  the 
optic  nerves  immediately  in  front  of  the  commissure  ;  the  right  optic  tract  is  seen  passing 
back  to  the  thalamus  (Th),  corpora  geniculata  (i,  c, ),  and  corpora  quadrigemina  {q)  ;  III, 
the  right  oculo-motor  nerve  ;  IV,  the  trochlear  nerve  rising  at  v,  from  near  the  valve  of 
Vieussens ;  V,  the  trifacial  nerve  ;  VI,  the  abducent  ocular  :  a,  VII,  b,  the  facial  and 
auditory  nerves,  and  between  them  the  pars  intermedia  ;  a,  VIII,  6,  the  roots  of  the 
glosso-pharyngeal,  pneumo-gastric,  and  spinal  accessory  nerves  ;  IX,  the  hypoglossal 
nerve  ;  C  I,  the  separate  anterior  and  posterior  roots  of  the  suboccipital  or  first  cervical 
nerve. 

The  fibres  of  origin  of  the  optic  tract  from  the  thalamus  are  derived  partly  from  the 
superficial  stratum  and  partly  from  the  interior  of  that  body.  According  to  Foville, 
this  tract  is  also  connected  with  the  taenia  semicircularis,  and  with  the  termination 
of  the  gyrus  fornicatus;  and  he  states  further,  that  where  the  optic  tract  turns  round 
the  back  of  the  thalamus  and  the  ccrcin-al  peduncle  it  receives  other  delicate  fibres, 
which  descend  from  the  grey  matter  of  those  parts. — (Op.  cit.  p.  514.) 
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3.  The  third  pair  of  nerves  (motorea  oculorum)  have  their  apparent  or 
superficial  origin  from  the  inner  surface  of  the  crura  cerebri  in  the  inter- 
peduncular space,  immediately  in  front  of  the  pons.  Each  nerve  consists 
of  a  number  of  funiculi  which  arise  in  an  oblique  line  from  the  surface. 

The  deeper  fibres  of  origin,  when  followed  into  the  crus,  arc  found  to  diverge 
in  its  substance,  some  being  traced  to  the  locus  niger,  others  running  down- 
wards in  the  pons  among  its  longitudinal  fibres,  and  others  turning  upwards  to  be 
connected  with  the  corpora  quadrigemina  and  Vieusscnian  valve.  According  to 
Stilling,  with  whom  Kolliker  agrees,  the  major  part  of  the  fibres  arise  from  a  grey- 
nucleus  in  the  floor  of  the  Sylvian  aqueduct,  close  to  the  origin  of  some  fibres  of  the 
fourth  nerve. 

4.  The  fourth  pair,  pathetic  or  trochlear  nerves,  the  smallest  of  those 
which  are  derived  from  the  brain,  are  seen  at  the  outer  side  of  the  crura 
cerebri  immediately  before  the  pons.  Each  nerve  may  be  traced  backwards 
round  the  peduncle  to  a  place  below  the  corpora  quadrigemina,  where  it  arises 
from  the  upper  part  of  the  valve  of  Vieussens.  Kolliker  states  that  under 
the  corpora  quadrigemina  the  fibres  of  origin  are  divided  into  two  bundles  ; 
the  anterior  being  traceable  through  the  lateral  wall  of  the  aqueduct  o£, 
Sylvius  to  its  floor,  where  it  arises  from  a  grey  nucleus  close  to  the  middle 
line  ;  the  posterior  bundle  being  derived  from  a  grey  nucleus  in  the  floor  of 
the  fourth  ventricle,  close  to  the  origin  of  the  fifth  nerve.  The  roots  of  the 
nerves  of  opposite  sides  are  connected  together  across  the  middle  line  in  the 
form  of  a  white  band  or  commissure  in  the  substance  of  the  velum. 

5.  The  Ji/th  pair  of  nerves,  par  trigeminum,  trifacial  nerves,  take  their 
superficial  origin  from  the  side  of  the  pons  Varolii,  where  the  transverse 
fibres  of  the  latter  are  prolonged  into  the  middle  crus  cerebelU,  considerably 
nearer  to  the  upper  than  to  the  lower  border  of  the  pons. 

The  fifth  nerve  consists  of  a  larger  or  sensory,  and  a  smaller  or  motor 
root.  The  smaller  root  is  at  first  concealed  by  the  larger,  and  is  placed  a 
little  higher  up,  there  being  often  two  or  three  cross  fibres  of  the  pons 
between  them.  On  separating  the  two  roots,  the  lesser  one  is  seen  to 
consist  of  a  very  few  funiculi.  In  the  larger  root  the  funiculi  are  numerous, 
amounting  sometimes  to  nearly  a  hundred. 

Deep  origin. — The  greater  root  runs  behind  the  transverse  fibres  of  the  pons  towards 
the  lateral  part  of  the  medulla  oblongata  at  the  back  of  the  olivary  body.  Several 
anatomists  trace  it  into  the  floor  of  the  fourth  ventricle,  between  the  fasciculi  teretes 
and  the  restiform  bodies.  By  some  it  is  considered  to  be  continuous  with  the  fasci- 
culi teretes  and  lateral  columns  of  the  cord,  whilst  others  connect  it  with  the  grey 
mass  which  is  regarded  by  Stilling  as  the  nucleus  of  the  glosso-pharyngeal  nerve. 

The  motor  root  was  supposed  by  Bell  to  descend  to  the  pyramidal  body,  and 
Eetzius  believes  that  he  has  confirmed  that  opinion  by  dissection :  but  it  would 
appear  that  the  deep  connection  of  this  root  is  not  yet  known  with  certainty. 
According  to  Stilling  the  fibres  pass  through  the  pons  to  the  floor  of  the  fourth 
ventricle,  and  have  their  origin  in  its  grey  matter. 

According  to  Foville,  some  of  the  fibres  of  the  sensory  root  of  the  fifth  nerve  are 
connected  with  transverse  fibres  in  the  pons,  whilst  others  spread  out  on  the  surface 
of  the  middle  peduncle  of  the  cerebellum,  and  enter  that  part  of  the  encephalon 
beneath  the  folia. — (Op.  cit.  p.  506.) 

6.  The  sixth  nerve  (abducens),  motor  oculi  externus,  takes  its  apparent 
origin  from  between  the  pyramidal  body  and  the  pons  Varolii  by  means 
of  a  larger  and  a  smaller  bundle.  It  is  connected  with  the  pyramid,  and 
to  a  small  extent  with  the  pons  also.    Phillipeaux  and  Vulpian,  with  whom 


ROOTS  OF  THE  CRANIAL  NERVES. 


587 


Kolliker  concurs,  state  that  the  fibres  may  be  traced  more  deeply  to  the 
floor  of  the  fourth  ventricle. 

7.  The  seventh  pair  of  nerves  appear  on  each  side  at  the  posteiior  margin 
of  the  pons,  between  the  middle  and  inferior  peduncles  of  the  cerebellum, 
and  nearly  in  a  line  with  the  i^lace  of  attachment  of  the  fifth  nerve. 

Deep  origins.— The  portio  dura  or  facial  nerve,  placed  a  little  nearer  to  the  middle 
line  than  the  portio  mollis,  may  be  traced  to  the  medulla  oblongata  between  the  resti- 
form  and  olivary  fasciculi,  with  both  of  which  it  is  said  to  be  connected.  Some  of  its 
fibres  are  derived  from  the  pons.  Phillipeau.^  and  Vulpian  affirm  that  the  fibres  arise 
from  the  outer  wall  of  the  fourth  ventricle,  and  that  many  of  them  decussate  in  its 
floor. 

Connected  with  the  portio  dura,  and  intermediate  between  it  and  the  portio 
mollis,  is  a  smaller  white  funiculus,  first  described  by  Wrisberg  (portio  inter  duram  et 
mollem).  The  roots  of  this  accessory  or  intermediate  portion  are  connected  deeply 
■with  the  lateral  column  of  the  cord. 

The  po7-iio  mollis,  or  auditory  nerve,  rises  from  the  floor  of  the  fourth  ventricle,  at 
the  back  of  the  medulla  oblongata,  in  which  situation,  as  already  described,  trans- 
verse white  strice  are  seen,  which  form  the  commencement  of  the  nerve.  These 
roots  are  connected  with  the  grey  matter,  and  some  appear  to  come  out  of  the  median 
fissure.  The  nerve  then  turns  round  the  restiform  body,  and  becomes  applied  to  the 
lower  border  of  the  pons,  receiving  accessions  from  the  former  of  those  parts,  and 
according  to  some  authors  from  the  latter  also. 

Foville  says  that  the  roots  of  the  portio  mollis  are  also  connected  by  a  thin  layer 
on  the  under  surface  of  the  middle  peduncle  with  the  cortical  substance  of  the  cere- 
bellum ;  also,  with  the  small  lobule  named  the  flocculus ;  and  with  the  grey  matter  at 
the  borders  of  the  calamus  scriptorius. 

8.  The  eighth  nerve  consists  of  three  distinct  portions. 

The  uppermost  portion  is  the  glosso-pharyngeal  nerve  ;  next  to  this,  and 
lower  down,  is  the  pur  vagum  or  pneumo-gastric  nerve  consisting  of  a  larger 
number  of  cords.  The  roots  of  both  these  nerves  are  attached  superficially 
to  the  fore  part  of  the  restiform  body.  Still  lower,  is  the  spinal  accessory 
nerve,  which,  ascending  from  the  side  of  the  spinal  cord,  enters  the  skull  by 
the  foramen  magnum,  and  is  associated  with  the  pneumo-gastric  nerve  as  it 
passes  out  through  the  foramen  lacerum. 

The  accessory  nerve  arises  within  the  spinal  canal  from  the  lateral 
column  of  the  cord,  behind  its  middle,  by  a  series  of  slender  roots,  which 
commence  as  low  down  as  the  fifth  or  sixth  cervical  nerve.  The  nerve 
passes  upwards  between  the  posterior  roots  of  the  cervical  nerves  and  the 
ligamentum  deuticulatum, — the  several  funiculi  of  origin  successively  joining 
it  as  it  ascends.  On  entering  the  skull,  it  receives  funiculi  from  the  side 
of  the  medulla  oblongata. 

These  three  portions  of  the  eighth  pair  are  connected  deeply  with  grey  nuclei 
within  the  cord  and  medulla  oblongata,,as  already  described  (see  p.  521). 

9.  The  ninth  nerve  (hypoglossal)  arises,  in  a  line  continuous  with  that 
of  the  anterior  roots  of  the  spinal  nerves,  by  scattered  funiculi  from  the 
furrow  between  the  olivary  body  and  the  anterior  pyramid. 

The  roots  of  the  ninth  nerve  are  traced  by  Stilling  to  one  of  the  grey  nuclei  already 
described  in  the  medulla  oblongata,  and  they  are  said  by  Kolliker  to  undergo  partial 
decussation  in  the  floor  of  the  fourth  ventricle. 

DISTRIBUTION  OF  THE  CRANIAL  NERVES. 
Mode  of  exit  from  the  cranium. — Each  of  the  cranial  nerves  issues  at 
first  from  the  cranial  cavity  through  a  foramen  or  tubular  prolongation  of 
the  dura  mater  :  some  of  these  nerves  or  their  main  divisions  are  contained 
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iu  distiucfc  foiauiiiia  of  the  cranium,  others  are  grouped  together  in  one 
foramen.  The  numerous  small  olfactory  nerves  descend  into  the  nose 
through  the  cribriform  plate  of  the  ethmoid  bone  ;  the  optic  nerve  pierces 
the  root  of  the  lesser  wing  of  the  sphenoid  bone,  the  third,  fourth,  aud 
sixth  nerves,  with  the  ophthalmic  division  of  the  fifth  nerve,  pasi  through  the 


Fig.  399. 


Fig.  399. — Intkknal  View  of  the  Base  of  the  Skull,  showing  the  places  of  exit  op 

THE  Cranial  Nekves. 

The  dura  mater  is  left  in  great  part  within  the  base  of  the  skull ;  the  tentorium  is 
removed  aud  the  venous  sinuses  are  opened.  On  the  left  side  a  small  portion  of  the  roof 
of  the  orbit  has  been  removed  to  show  the  relation  of  certain  nerves  at  the  cavernous 
sinus  and  in  the  sphenoidal  fissure.  The  roots  of  the  several  cranial  nerves  have  been 
divided  at  a  short  distance  iuside  the  foramina  of  the  dura  mater  through  wluch  they 
respectively  pass.  I,  the  bulb  of  the  olfactory  nerve  lying  over  the  cribriform  plate  of 
the  ethmoid  bone  ;  II,  the  optic  nerves,  that  of  the  left  side  cut  short ;  III,  placed  on  the 
pituitary  body,  indicates  the  common  oculo-motor  nerve  ;  IV,  the  trochlear  nerve  ;  V,  is 
placed  on  the  left  side  opposite  to  the  middle  of  the  three  divisions  of  the  trigeminus, 
which,  together  with  the  ganglion  and  greater  root,  have  been  exposed  by  opening  up 
the  dura  mater  ;  on  the  right  side  the  greater  root  is  seen  ;  VI,  placed  below  the  foramen 
of  exit  of  the  abducent  ocular  ;  VII,  placed  on  the  upper  part  of  the  petrous  bone  oppo- 
site the  entrance  of  the  facial  and  auditory  nerves  into  the  meatus  auditoiius  internus  ; 
VIII,  placed  on  the  petrous  bone  outside  the  jugular  foramen  opposite  the  place  of  exit 
of  the  three  divisions  of  the  eighth  pair  of  nerves  ;  IX,  placed  upon  the  basilar  part  of 
the  occipital  bone  in  front  of  the  hypoglossal  nerve  as  it  passes  through  the  anterior 
condyloid  foramen.  On  the  left  side  at  the  cavernous  sinus,  the  third,  fourth,  .and 
ophthalmic  division  of  the  fifth  nerves  are  seen  keejaing  towards  the  outer  side,  while  the 
sixth  nerve  is  deeper  and  close  to  the  internal  carotid  artery.  The  explanation  of  the 
remaining  references  in  this  figure  will  be  found  at  p.  461. 
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sphenoidal  fissure  ;  the  superior  maxillary  and  inferior  maxillary  divisions 
of  the  fifth  pass  respectively  through  the  foramen  rotundiim  and  foramen 
ovale  of  the  great  wing  ;  the  facial  and  amlitory  nerves  pierce  the  petrous 
bone  ;  the  three  parts  of  the  eighth  pair  descend  in  separate  canals  of  the 
dura  mater  through  the  anterior  part  of  the  jugular  foramen  between  the 
petrous  and  occipital  bones,  and  the  hypoglossal  nerve  passes  through  the 
anterior  condyloid  foramen  of  the  occipital  bone. 

General  distrihution. — The  greater  number  of  the  cranial  nerves  are  en- 
tirely confined  in  their  distribution  within  the  limits  of  the  head  ;  as  in  the 
case  of  the  first  six  pairs  and  the  auditory  nerve.  Of  these  the  olfactory, 
optic,  and  auditory  are  restricted  to  their  respective  organs  of  sense  ;  while 
the  third,  fourth,  and  sixth  are  exclusively  motor  nerves  in  connection  with 
the  external  and  internal  muscles  of  the  eyeball  and  that  of  the  upper  eye- 
lid. In  the  remaining  nerve,  the  fifth  or  trifacial,  all  the  fibres  derived 
from  the  greater  root,  and  connected  with  the  Gasserian  ganglion,  are  en- 
tirely sensory  in  their  function,  and  constitute  the  whole  of  the  first  and 
second  and  the  greater  part  of  the  third  di vis- ion  of  the  nerve  :  but  the 
last  of  these  divisions  has  associated  with  it  the  fibres  of  the  lesser  root, 
so  as  to  become  in  some  degree  a  compound  nerve.  As  a  nerve  of  sensa- 
tion the  trifacial  occupies  in  its  distribution  the  greater  part  of  the  head 
superficially  and  deeply,  excepting  the  interior  of  the  cranium  and  that 
part  of  the  scalp  which  is  situated  in  the  region  behind  a  perpendicular  line 
passing  through  the  external  auditory  meatus.  The  muscular  distribution 
of  the  inferior  division  of  the  fifth  nerve  is  chiefly  to  the  muscles  of  masti- 
cation. 

Of  the  remaining  nerves,  the  facial  and  hypoglos^^al,  both  exclusively 
motor  in  function,  are  almost  entirely  cephalic  in  their  distribution  ;  the 
facial  nerve  giving  fibres  to  all  the  superficial  and  a  few  of  the  deeper 
mu'^cles  of  the  head  and  face  ;  and  the  ninth  or  hypoglossal  supplying  the 
muscles  of  the  tongue.  Of  the  facial,  however,  a  small  branch  joins 
one  of  the  cervical  nerves  in  the  platysma  myoides  ;  and  of  the  ninth,  the 
descending  branch  supplies  in  part  the  muscles  of  the  neck  which  depress 
the  hyoid  bone  and  larynx. 

Of  the  three  parts  of  the  eighth  pair,  ranked  as  cranial  nerves  in  conse- 
quence of  their  passing  through  one  of  the  foramina  of  the  cranium,  two  have 
only  a  very  limited  distribution  in  the  head,  and  furnish  nerves  in  much 
greater  proportion  to  organs  situated  in  the  neck  and  thorax.  One  of  these, 
the  pneumo-gastric,  after  giving  a  small  branch  to  the  ear-passages,  and  sup- 
plying nerves  to  the  larynx  and  pharynx,  the  trachea,  gullet,  the  lungs 
and  heart,  extends  into  the  abdominal  cavity  as  the  principal  nerve  of  the 
stomach.  The  other,  the  spinal  accessory,  which  is  partially  united  with 
the  glosso-pharyngeal  and  pneumo-gastric  near  their  origin  and  thus  furnishes 
some  of  their  motor  fibres,  is  entirely  a  motor  nerve,  and  is  distributed  in 
the  sterno-mastoid  and  trapezius  muscles.  The  glosso-pharyngeal  nerve  is 
more  strictly  confined  to  the  head,  supplying  branches  to  the  tongue, 
pharynx,  and  part  of  the  oar-passages. 

_  On  the  following  two  pa-es,  Fig.  401  is  introduced  in  illustration  of  the  general 
view  of  tlic  distribution  above  given.  In  this  figure  the  cranium  and  orbit  have  been 
opened  up  to  the  depth  of  the  several  foramina  tlirough  which  the  nerves  pass.  The 
greater  part  of  the  lower  jaw  has  also  been  removed  on  the  loft  side,  and  tlie  tongue, 
pharynx,  and  larynx  are  partially  in  view.  The  occipital  bone  has  been  divided  by  an 
incision  passing  down  from  the  occipital  tuberosity  and  through  the  condyle  to  the 
lett  ot  the  foramen  magnum.    The  cervical  vertebrae  have  been  divided  to  the  loft  ot 
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tho-midclle,  and  the  sbeath  of  the  spinal  cord  opened  so  as  to  expose  the  roots  of  the 
cervical  nerves. 


Fig.  400,  A. 


Pig.  400. — A.  Skmidiagrammatio  Vihw  of  a  Dhi;p  Disseotios  of  the  Cranial  Nerves 
ON  THE  LEFT  SIDE  OF  THE  Head  (from  Tdrious  authors  and  from  nature).  B.  Explana- 
tory Odtline  of  tue  same.  4 

The  reman  numerals  from  I  to  IX  indicate  the  roots  of  the  several  cranial  nerves  as 
they  lie  in  or  near  their  foramina  of  exit.  V,  is  npon  the  great  root  of  the  fifth  with  the 
ganglion  in  front  ;  a  and  b,  in  connection  with  VII,  indicate  respectively  the  facial  and 
auditory  nerves  ;  a,  b,  and  c,  in  connection  with  VIII,  point  respectively  to  the  glosso- 
pharyngeal, pneumo-gastric,  and  spinal  accessory  nerves  ;  CI,  the  sub-occipital  or  first 
cervical  nerve  ;  C  VIII,  the  eighth.  The  branches  or  distributed  parts  of  the  nerves  are 
marked  as  follows,  viz.  : — 1,  frontal  branch  of  the  fifth;  2,  lachrymal  passing  into  the  gland; 
3,  nasal  passing  towards  the  internal  orbitary  foramen  and  giving  the  long  twig  to  the  ciliary 
ganglion  (4') ;  3',  external  branch  of  the  internal  nasal  nerve;  4,  lower  bi-anch  of  the  third 
or  oculo-motor  nerve;  5,  the  superior  maxillary  division  of  the  fifth  passing  into  the  infra- 
orbital canal ;  5',  its  issue  at  the  infraorbital  foramen  and  distribution  as  inferior 
palpebral,  lateral  nasal,  and  superior  labial  nerves  (5") ;  6,  ganglion  of  Meckel  and 
Vidian  nerve  passing  back  from  it ;  6',  palatine  and  other  nerves  descending  from  it ;  6", 
superior  petrosal  nerve  ;  7,  posterior  superior  dental  nerves  ;  7',  placed  in  the  antrum 
maxillare,  which  has  been  opened,  points  to  the  anterior  superior  dental  nerves ;  8, 
inferior  maxillary  division  of  the  fifth  immediately  below  the  f  )ramea  ovale  ;  8',  some  of 
the  muscular  branches  coming  from  it  ;  8  x  ,  the  anterior  auricular  branch  cut  short,  and 
above  it  the  small  petrosal  nerve  to  join  the  fa;ial  nerve  ;  9,  buccal  and  internal  ptery- 
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,r„;,l  •  10  tnislatorv  nerve-  10',  its  distribution  to  the  side  and  front  of  the  tongue  and 
Sh^  sSwb^^glandsTlJVthe  submaxillar,  ganglion  connected  w.th  the  gustatory 

Fig.  400,  B. 


19" 

nerve  ;  below  10,  the  chorda  tympani  passing  back  from  the  gustatory  to  join  the  facial 
nerve  above  12  ;  11,  inferior  dental  nerve  ;  11',  the  same  nerve  and  part  of  its  dental  distri- 
bution exposed  by  removal  of  the  jaw  ;  11"  termination  of  the  same  as  mental  aud  inferior 
labial  nerves  ;  12,  the  twigs  of  the  facial  nerve  to  the  posterior  belly  of  the  digastric  and 
to  the  stylo-hyoid  muscle  immediately  after  its  exit  from  the  stylo-mastoid  foramen  ;  12', 
the  temporo-facial  division  of  the  facial;  12",  the  cervico-facial  division  ;  13,  thetiunk 
of  the  glosso-pharyngeal  passing  round  the  stylo-pharyngeus  muscle  after  giving  pharyngeal 
and  muscular  branches  ;  13',  its  d  stribution  on  the  side  and  back  part  of  the  tongue  ; 
14,  the  spinal  accessoiy  nerve,  at  the  place  where  it  crosses  the  ninth  and  gives  a  com- 
municating branch  to  the  ptieumo-gastric  and  glosso-pharyngeal  nerves;  14',  the  fjarae 
nerve  after  having  passed  through  the  sterno-mastoid  muscle  uniting  with  branches 
from  the  cervical  nerves;  15,  niuth  nerve;  15',  its  twig  to  the  thyro-hyoid  muscle; 
15  ',  its  distribution  in  the  muscles  of  the  tongue  ;  Iti,  descendens  noiii  nerve  giving 
a  direct  branch  to  the  upper  belly  of  the  oir.o-hyoid  rausc'.e,  and  receiving  the  com- 
municating branches  16  x  from  the  cervical  nerve  ;  17,  piieumogastric  nerve;  17',  its 
superior  laryngeal  branch  ;  17",  external  laryngeal  twig  ;  18,  superior  cervical  ganglion 
of  the  sympathetic  nerve,  uniting  with  the  upper  cervical  nerves,  and  giving  at  18' 
the  superficial  cardiac  nerve  ;  19,  the  trunk  of  the  sympathetic  ;  19',  the  middle  cervical 
ganglion,  uniting  with  some  of  the  cervi;al  nerves,  and  giving  19",  the  large  middle 
cardiac  nerve;  20,  continuation  of  the  sympathetic  nerve  down  the  neck;  21,  great 
occipital  nerve  ^  22,  third  occipital. 
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OLFACTORY  NERVE. 

_  The  olfactory  or  first  cranial  nerve,  the  special  nerve  of  the  sense  of  smell, 
IS  clistnl)uted  exclusively  to  the  nasal  fossfe. 

From  the  under  surface  of  the  olfactory  bulb  about  twenty  branches 
proceed  through  the  holes  in  the  cribriform  plate  of  the  ethmoid  bone,  each 
uivested  by  tubular  prolongations  of  the  membranes  of  the  brain  These 
tubes  of  membrane  vary  in  the  extent  to  which  they  are  continued  on  the 
branches  :  the  offsets  of  the  dura  mater  sheathe  the  filaments,  and  join  the 
periosteum  lining  the  nose  ;  those  of  the  pia  mater  become  blended  with 
the  neurilemma  of  the  nerves  ;  and  those  of  the  arachnoid  re-ascend  to  the 
serous  lining  of  the  skull. 


Fig.  401. 


Fig.  401. — DisTRiBnioN  of  the  Olfactory  Nerves  on  the  Septum  of  the  Nose  (fiora 
Sappey  after  Hiiscbfeld  and  Leveilld),  | 

The  septum  is  exposed  and  the  anterior  palatine  canal  opened  on  the  right  side.  I, 
placed  above,  points  to  the  olfactory  bulb,  and  the  remaining  roman  numbers  to  the  roots 
of  the  several  cranial  nerves  ;  1,  the  small  olfactory  nerves  as  they  pass  through  the 
cribriform  plate  ;  2,  internal  or  septal  twig  of  the  nasal  branch  of  the  ophthalmic  nerve  ; 
3,  naso-palatine  nerves.  (See  Fig.  409  for  a  vitw  of  the  distribution  of  the  olfactory 
nerves  on  the  outer  wall  of  the  nasal  fossa.) 

The  branches  are  arranged  in  three  sets.  Those  of  the  inner  set,  lodged  for 
some  distance  in  grooves  on  the  surface  of  the  bone,  ramify  in  the  pituitary 
membrane  of  the  septum  ;  the  outer  set  extend  to  the  upper  two  spongy  bones, 
and  the  plane  surface  of  the  ethmoid  bone  in  front  of  these  ;  and  the  middle 
set,  which  are  very  short,  are  confined  to  the  roof  of  the  nose.  The  distri- 
bution of  the  olfactory  nerve  is  confined  to  the  upper  part  of  the  nasal 
fossa  ;  none  of  the  branches  reach  the  lower  spongy  bone. — (See  Anatomy 
of  the  Nose. ) 

OPTIC  NERVE. 

The  optic  or  second  cranial  nerve,  the  nerve  of  vision,  extending  from 
the  optic  commissure,  becomes  more  cylindrical  and  firm  as  it  diverges  from 
its  fellow  and  enters  the  orbit  by  the  optic  foramen.  Within  the  orbit  it 
forms  a  cylindrical  trunk,  thick  and  strong,  with  a  uniform  surface.     On  dis- 
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section  it  is  seen  to  consist  of  a  number  of  separate  bundles  of  nerve  fibres, 
imbedded  in  tough  fibrous  tissue  prolonged  from  the  dura  mater,  and  per- 
forated in  the  centre  by  the  small  arteria  centralis  retinaa,  which  passes  into 
it  soon  after  it  entera  the  orbit.  It  is  surrounded  by  the  recti  muscles, 
and,  entering  the  eyeball  posteriorly  a  little  to  the  inside  of  its  middle,  it 
pierces  the  sclei'otic  and  choroid  coats,  and  expands  in  the  retina.  —  (See  the 
Anatomy  of  the  Eye. ) 

It  may  be  mentioned  that  in  many  fishes  the  optic  nerves  do  not  unite  in  a  com- 
missure, but  merely  cross  each  to  the  side  opposite  to  that  of  their  origin  ;  and  that 
in  a  number  of  the  same  animals,  as  was  first  pointed  out  by  Malphighi,  the  nerve 
consists  of  a  lamina  thrown  into  complicated  longitudinal  plications,  and  surrounded 
by  a  sheath. 

THIRD  PAIR  OF  NERVES. 
This  nerve,  the  common  motor  nerve  of  the  eyeball  (motorius  oculi), 
gives  branches  to  five  of  the  seven  muscles  of  the  orbit, — viz.,  to  the 


Fig.  402. 


Fig.  402. —  View  from  above 
OP  THE  Uppermost  Nerves 
OP  THE  Orbit,  the  Uas- 
SERiAN  Ganglion,  &o.  (from 
Sappey  after  Hirschfeld  and 
Leveiiy).  § 

I,  the  olfactory  tract  passing 
forwards  into  the  bulb  ;  II,  the 
commissure  of  the  optic  nerves ; 
III,  the  oculo-motor  ;  IV,  the 
trochlear  nerve ;  V,  the  greater 
root  of  the  fifth  nerve,  a  small 
portion  of  the  lesser  root  is 
seen  below  it ;  VI,  the  sixth 
nerve;  VII,  facial;  VIII,  audi- 
tory ;    IX,  glosso-pharyngeal  ; 
X,  pneumo-gastric  ;  Xf,  spinal 
accessory;   Xlf,  hypoglossal; 
1 ,  the  Gasserian  ganglion ;  2, 
ophthalmic  nerve  ;  3,  laclirymal 
branch  ;  4,  frontal ;  5,  external 
frontal  or    supraorbital  ;  6, 
internal    frontal  ;    7,  supra- 
trochlear   branch  ;    8,  nasal 
nerve ;       9,  infratrocblear 
branch ;    1 0,   internal  nasal 
passing  through   the  internal 
orbital  foramen  ;  11,  anterior 
deep  temporal  proceeding  from 
the  buccal  nerve;  12,  middle 
deep  temporal;  13,  posterior 
deep  temporal  arising  from  the 
masseteric;  14,  origin  of  the 

temporo-auricular  ;  15,  great  superficial  petrosal  nerve. 

superior,  internal  and  inferior  straight  muscles,  to  the  levator  palpebrie,  and 
to  the  inferior  oblique  muscle. 

Cylindrical  and  firm,  like  the  other  motor  nerves,  the  third  nerve, 
quitting  the  investment  of  the  arachnoid  membrane,  pierces  the  inner  layer 
of  the  dura  mater  close  to  the  posterior  clinoid  process,  and  proceeds 
towards  the  spheuoKlal  fissure,  lying  in  the  external  fibrous  boundary  of  the 
cavernous  sinu.s. 
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After  receiviug  oue  or  two  deliciite  filaments  from  llie  caveruous  plexus  of 
the  sympathetic,  the  third  nerve  divides  near  the  orbit  iuto  two  parts,  which 
are  continued  iuto  that  cavity  between  the  heads  of  the  external'  rectus 
muscle,  and  separated  oue  from  the  other  by  the  nasal  branch  of  the 
ophthalmic  nerve. 

The  upper,  the  smaller  part,  is  directed  inwards  over  the  optic  nerve  to 
the  superior  rectus  muscle  of  the  eye  and  the  elevator  of  the  eyelid,  to  both 
which  muscles  it  furnishes  branches. 

The  loiver  and  larger  portion  of  the  nerve  separates  into  three  branches  ; 
of  these  one  reaches  the  inner  rectus  ;  another  the  lower  rectus  ;  and  the 
third,  the  longest  of  the  three,  runs  onwards  between  the  lower  and  the 
outer  rectus,  and  terminates  below  the  ball  of  the  eye  in  the  inferior 
oblique  muscle.  The  last-mentioned  branch  is  connected  with  the  lower 
part  of  the  lenticular  ganglion  by  a  short  thick  cord,  and  gives  two  filaments 
to  the  lower  rectus  muscle. 

The  several  branches  of  the  third  nerve  enter  the  muscles  to  which  thay 
are  distributed  on  the  surface  which  in  each  looks  towards  the  eyeball. 

Position  of  certain  nerves  at  the  cavernous  sinus,  and  as  they  enter  the 
orbit, — There  are  several  nerves,  besides  the  third,  placed  close  together  at 
the  cavernous  sinus,  and  entering  the  orbit  through  the  sphenoidal  fissure. 
To  avoid  repetition  hereafter,  the  relative  positions  of  these  nerves  may 
now  be  described.  The  nerves  thus  associated  are  the  third,  the  fourth, 
the  ophthalmic  division  of  the  fifth,  and  the  sixth. 

At  the  cavernous  sinus. — In  the  dura  mater  which  bounds  the  cavernous 
sinus  on  the  outer  side,  the  third  and  fourth  nerves  and  the  ophthalmic 
division  of  the  fifth  are  placed,  as  regards  one  another,  in  their  numerical 
order  both  from  above  downwards  and  from  within  outwards.  The  sixth 
nerve  is  placed  separately  from  the  others  close  to  the  carotid  artery, 
on  the  floor  of  the  sinus  and  internal  to  the  fifth  nerve.  Near  the  sphe- 
noidal fissure,  through  which  they  enter  the  orbit,  the  relative  position  of 
the  nerves  is  changed,  the  sixth  nerve  being  here  close  to  the  rest,  and 
their  number  is  augmented  by  the  division  of  the  third  and  the  ophthalmic 
nerves — the  former  iuto  two,  the  latter  into  three  parts. 

In  the  sphenoidal  fissure. — The  fourth,  and  the  frontal  and  lachrymal 
branches  of  the  fifth,  which  are  here  higher  than  the  rest,  lie  on  the  same 
level,  the  fourth  being  the  nearest  to  the  inner  side,  and  enter  the  orbit 
above  the  muscles.  The  remaining  nerves  pass  between  the  heads  of  the 
outer  rectus  muscle,  in  the  following  relative  position  to  each  other  :  the 
upper  division  of  the  third  highest,  the  nasal  branch  of  the  fifth  next,  the 
lower  division  of  the  third  beneath  these,  and  the  sixth  lowest  of  all. 

FOURTH  PAIR  OF  NERVES. 

The  fourth  (nervus  troclilearis,  n.  patheticus)  is  ths  smallest  of  the  cranial 
nerves,  and  is  distributed  entirely  to  the  upper  oblique  muscle  of  the 
orbit. 

From  the  remoteness  of  its  place  of  origin,  the  part  of  this  nerve  within 
the  skull  is  longer  than  that  of  any  other  cranial  nerve.  It  enters  an  aperture 
in  the  free  border  of  the  tentorium,  outside  that  for  the  third  nerve,  and 
near  the  posterior  clinoid  process.  Continuing  onwards  through  the  outer 
wall  of  the  cavernous  sinus,  the  fourth  nerve  enters  the  orbit  by  the 
sphenoidal  fissure,  and  above  the  muscles.  Its  position  with  reference  to 
other  nerves  in  this  part  of  it!  course  has  been  already  described. 


FOURTH  PAIK. 


595 


lu  tbe  orbit,  the  fourth  nerve  inclines  inwards  above  the  muscles,  and 
enters  finally  the  upper  oblique  muscle  at  its  orbital  surface. 

While  iu  its  fibrous  canal  in  the  outer  wall  of  the  sinus,  the  fourth  nerve  is  joined 
by  filaments  of  the  sympathetic,  and  not  uafrequently  is  blended  with  the  ophtlialmic 


Fig.  403. — View  from  abovb  op  the  Motor  Nerves  Fig.  403. 

OK  THE  KtEBALL  AND  ITS  MusoLES  (after  Hirsuh- 
ftfld  and  Leveiild,  altered). 

The  ophthalmic  division  of  the  fifih  pair  has  been 
cut  short ;  the  attachment  of  the  muscles  round  the 
optic  nerve  has  been  ojiened  up,  and  the  three  upper 
muscles  turned  towards  the  inner  side,  their  anterior 
jiarts  being  removed  ;  a  part  of  the  o|)tic  nerve  is  cut 
away  to  show  the  inferior  rectus ;  and  a  part  of  tlie 
sck-rotic  coat  and  cornea  is  dissected  oflF  showing  the 
iris,  zona  ciliaris,  and  choroid  coat,  with  the  ciliary 
nerves. 

ft,  the  upper  part  of  the  internal  carotid  artery 
emerging  from  the  cavernous  sinus  ;  I,  the  superior 
oblique  muscle  ;  b',  its  anterior  part  passing  through 
the  pulley  ;  c,  the  levator  palpebroe  superioris  ;  d, 
the  superior  rectus  ;  e,  the  internal  rectus  ;  /,  the 
external  rectus ;  /',  its  upper  tendon  turned  down  ; 
(f,  the  inferior  rectus  ;  h,  insertion  of  the  inferior 
oblique  muscle. 

II,  the  commissure  of  the  optic  nerve  ;  II',  part 
of  the  optic  nerve  entering  the  eyeball ;  III,  the 
common  oculo-motor ;  IV,  the  fourth  or  trochlear 
nerve  ;  V,  the  greater  root  of  the  trigeminus  ;  V, 
the  smaller  or  motor  root ;  VI,  the  abducent  nerve; 
1,  the  upper  division  of  the  third  nerve  separating 
from  the  lower  and  giving  twigs  to  the  levator  palpe- 
braj  and  superior  rectus  ;  2,  the  branches  of  the 
lower  division  supplying  the  internal  and  inferior 
recti  muscles  ;  3,  the  long  branch  of  the  same  nerve 
proceeding  forward  to  the  iuferior  oblique  muscle, 
and  close  to  the  numbsr  3,  the  short  thick  branch 
to  the  ciliary  ganglion  :  this  ganglion  is  also  shown, 

receiving  from  behind  the  slender  twig  from  the  nasal  nerve,  which  has  bjen  cut 
short,  and  giving  forwards  some  of  its  ciliary  narves,  which  pierce  the  solei'otic  coat ;  3', 
marks  the  termination  of  S)rae  of  these  nei've?  in  tbe  ciliary  muscle  ami  iris  aft'er  having 
passed  between  the  sclerotic  and  choroid  coats  ;  4,  the  distribution  of  the  trochlear  nerve 
to  the  upper  surface  of  the  superior  oblique  muscle  ;  6,  the  abducent  nerve  passing  iato  the 
external  rectus. 

division  of  the  fifth.  Bidder  states  that  three  or  more  small  filaments  of  this  nerve 
extend  in  the  tentorium  as  far  as  the  lateral  sinm;  and  ha-i  figured  one  as  joining  the 
sympathetic  on  the  carotid  artery.  ( Neurologische  Beobachtuagen,  Yon  F.  H.  Bidder. 
Dorpat,  1836.) 


riFm  PAIR  OF  NERVES. 

The  fifth,  or  trifacial  nerve  (nerv.  trigeminus),  the  largest  cranial  nerve, 
is  analogous  t)  the  spinal  nerves,  in  re.spect  that  it  condsts  of  a  motor  and 
a  sensory  part,  and  that  the  sensory  fibres  pass  through  a  ganglion  while 
the  motor  do  not.  Its  sensory  division,  which  is  much  the  larger,  imparts 
common  sensibility  to  the  face  and  the  fore  part  of  the  head,  as  well  as  to 
the  eye,  the  nose,  the  ear,  and  the  month  ;  and  endows  the  fore  part  of 
the  tongue  with  thj  powers  of  both  touch  and  taste.  The  motor  root 
supplies  chiefly  the  muscles  of  mastication . 
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The  roots  of  the  fifth  nerve,  after  emerging  from  the  surface  of  the 
encephalon,  are  directed  forwards,  side  by  side,  to  the  middle  fossa  of  the 
skull,  through  a  recess  m  the  dura  mater  on  the  summit  of  the  petrous 
part  of  the  temporal  bone.    Here  the  larger  root  alters  in  appearance  :  its 

^''S-'i04.  Pig.    404. -General 

Plak  op  the  Bran- 
ches OP  THE  Fifth 
Pair  (after  a  sketch 
by  Charles  Bell)  ^ 

1,  lesser  root  of  the 
fifth  pair ;  2,  greater 
root  passing  forwards 
into  the  Gasserian  gang- 
lion ;  3,  placed  on  the 
bone  above  the  ophthal- 
mic nerre,  which  is 
seen  dividing  into  the 
supraorbital,  lachrymal, 
and  nasal  branches,  the 
latter  connected  with  the 
ophthalmic  ganglion  ;  4, 
placed  on  the  bone  close 
to  the  foramen  rotun- 
dura,  marks  the  supe- 
rior maxillary  division, 
which  is  connected  be- 
low with  the  spheno- 
palatine ganglion,  and 
passes  forwards  to  the 
infraorbital  foramen  ; 
5,  placed  on  the  bone 
over  the  foramen  ovale, 
marks  the  submaxillary 
nerve,  giving  off  the 
anterior  auricular  and 
muscular  branches,  and 
continued  by  the  inferior 

dental  to  the  lower  jaw,  and  by  the  gustatory  to  the  tongue  ;  a,  the  submaxillary  gland, 
the  submaxillary  ganglion  placed  above  it  in  connection  with  the  gustatory  nerve  ;  6,  the 
chorda  tympani  ;  7,  the  facial  nerve  issuing  from  the  stylo-mastoid  foramen. 

fibres  diverge  a  little,  become  reticulated,  and  enter  the  Gasserian  ganglion. 
The  smaller  root  passes  inside  and.  beneath  the  ganglion,  without  its  nerve- 
fibres  being  incorporated  ia  any  way  with  it,  and  joins  outside  the  skuU  the 
lowest  of  the  three  trunks  which  issue  from  the  ganglion. 
«  The  gavglion  of  the  fifth  nerve,  or  Gasserian  ganglion  (ganglion  semilunare), 
occupies  a  depression  on  the  upper  part  of  the  petrous  portion  of  the 
temporal  bone,  near  the  point,  and  is  comewhat  crescentic  in  form,  the 
convexity  being  turned  forwards.  On  its  inner  side  the  ganglion  is  joined, 
by  filaments  from  the  carotid  plexus  of  the  sympathetic  nerve,  and,  accord- 
ing to  some  anatomists,  it  furnishes  from  its  back  part  filaments  to  the 
dura  mater. 

From  the  fore  part,  or  convex  border  of  the  Gasserian  ganglion,  proceed 
the  three  large  divisions  of  the  nerve.  The  highest  (first  or  ophthalmic  trunk) 
enters  the  orbit ;  the  second,  the  upper  maxillary  nerve,  is  continued  forwards 
to  the  face,  below  the  orbit  ;  and  the  third,  the  lower  maxillary  nerve,  is 
distributed  chiefly  to  the  external  ear,  the  tongue,  the  lower  teeth,  and  the 
muscles  of  mastication.     The  first  two  trunks  proceed  exclusively  from  the 
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gaugliou  aud  are  entirely  sensory,  Avhile  the  third  or  inferiormaxiUary  trunk, 
receiving  a  considerable  part  from  the  ganglion,  has  associated  with  it  also 
the  whole  of  the  fibres  of  the  motor  root,  and  thus  distributes  both  motor 
and  sensory  branches. 


OrHTHALMlC  NERVE. 

The  ophthalmic  nerve,  or  first  division  of  the  fifth  nerve,  the  smallest  of 
the  three  offsets  from  the  Gasseriau  ganglion,  is  somewhat  flattened,  about  an 
inch  in  length,  and  is  directed  forwards  and  upwards  to  the  sphenoidal 
fissure,  ^vhel■e  it  ends  in  branches  which  pass  through  the  orbit  to  tlie  sur- 
face of  the  head  and  to  the  nasal  fossae.  In  the  skull  it  is  contained  in  the 
process  of  the  dura  mater  bounding  externally  the  cavernous  sinus,  and  is 
joined  by  filaments  from  the  cavernous  plexus  of  the  sympathetic  :  according 
to  Arnold,  it  gives  recurrent  branches  to  the  tentorium  cerebellL  It  also 
frequently  communicates  by  a  considerable  branch  with  the  fourth  nerve. 

Near  the  orbit  the  ophthalmic  nerve  furnishes  from  its  inner  side  the 
nasal  branch,  and  then  divides  into  the  frontal  and  lachrymal  branches. 
These  branches  are  transmitted  separately  through  the  sphenoidal  fissure,  and 
are  continued  through  the  orbit  (after  supplying  some  filaments  to  the  eye 
and  the  lachrymal  gland)  to  their  final  distribution  in  the  nose,  the  eyelids, 
and  the  muscles  and  integument  of  the  forehead. 

LACHRYMAL  BKANCH. 

The  lachrymal  branch  is  external  to  the  frontal  at  its  origin,  and  is  con- 
tained in  a  separate  tube  of  dura  mater.  In  the  orbit  it  passes  along  the 
outer  part,  above  the  muscles,  to  the  outer  and  upper  angle  of  the  cavity. 
Near  the  lachrymal  gland,  the  nerve  has  a  connecting  filament  with  the  orbital 
branch  of  the  superior  maxillary  nerve  ;  and  when  in  close  apposition  with  the 
gland,  it  gives  many  filaments  to  that  body  and  to  the  conjunctiva.  Finally, 
the  lachi-ymal  nerve  penetrates  the  palpebral  ligament  externally,  and  ends 
in  the  upper  eyelid,  the  terminal  ramifications  being  joined  by  twigs  from 
the  facial  nerve. 

In  consequence  of  the  junction  which  occurs  between  the  ophthalmic  trunk  of  the 
fifth  and  the  fourth  nerve,  the  lachrymal  branch  sometimes  appears  to  be  derived 
from  both  these  nerves.    Swan  considers  this  the  usual  condition  of  the  lachrymal 
nerve.    ("  A  Demonstration  of  the  Nerves  of  the  Human  Body,"  page  36.  London 
1834.) 


FRONTAL  BRANCH. 

The  frontal  branch,  the  largest  division  of  the  ophthalmic,  lies,  like  the 
preceding  nerve,  above  the  muscles  in  the  orbit,  being  situated  between  the 
elevator  of  the  upper  eyelid  and  the  periosteum.  About  midway  forwards 
in  the  orbit,  the  nerve  divides  into  two  branches,  supra-trochlear  and  supra- 
orbital. 

a.  The  supra-trochlear  branch  (internal  frontal)  is  prolonged  -to  the  inner 
angle  of  the  orbit,  close  to  the  point  at  which  the  pulley  of  the  upper  oblique 
muscle  is  fixed  to  the  orbit.  Here  it  gives  downwards  a  filament  to  connect 
It  with  the  infra-trochloar  branch  of  the  nasal  nerve,  and  issues  from  the 
cavity  between  the  orbicular  muscle  of  the  lids  and  the  bone.  In  this  position 
filaments  are  distributed  to  the  upper  eyelid.    The  nerve  next  pierces  the 
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orbicularis  palpebrarum  aud  occipito-frontalis  muscles,  furnishing  twigs  to 
hese muscles  and  the  corrugator  supercilii,  and,  after  ascending  on  the  fore- 
head,  ramifies  m  the  integument. 

6  The  snpra- orbital  branch  (external  frontal)  passes  through  the  supra- 
orbita  notch  to  the  forehead,  and  ends  in  muscular,  cutaneous,  and  peri- 
cranial branches  ;  while  in  the  notch  it  distributes  palpebral  filaments  to  the 
upper  eyelid. 

The  wnscvlar  branches  referred  to  are  comparatively  small,  and  supply  the  corrugator 
of  the  eyebrow,  the  occipito-frontalis,  and  the  orbicular  muscle  of  the  eyelids  joining 
the  facuil  nerve  m  the  last  muscle.  The  cutaveous  branches,  among  which  two  (outer 
and  inner)  may  be  noticed  as  the  principal,  are  placed  at  first  beneath  the  occipito- 
frontalis.  Ihe  outer  one,  the  larger,  perforates  the  tendinous  expansion  of  the  muscle 
and  ramifies  in  the  scalp  as  far  back  as  the  lambdoidal  suture.  The  inner  branch 
reaches  the  surface  sooner  than  the  preceding  nerve,  and  ends  in  the  integument  over 
the  parietal  bone.  The  pericranial  branches  arise  from  the  cutaneous  nerve  beneath 
the  iruscle,  and  end  in  the  pericranium  covering  the  frontal  and  parietal  bones. 


Fig.  -105.  Pig.  405.— Nerves  op  tbe  Or- 

bit FROM  THE  Outer  Side 
(from  Sappey  after  Hirschfeld 
and  Leveille).  f 

The  external  rectus  muscle  has 
been  divided  and  turned  down  :  ], 
the  optic  nerve';  2,  the  trunk  of  the 
third  nerve  ;  3,  its  upper  division 
passing  into  the  levator  palpebraa 
aud  superior  rectus;  4,  its  long 
lower  branch  to  the  inferior  oblique 
muscle  ;  ^,  the  sixth  or  abducent 
nerve  joined  by  twigs  from  the 
sympathetic ;  6,  tbe  Gasserian 
ganglion  ;  7,  ophthalmic  nerve  ;  8, 
its  nasal  branch  ;  9,  the  ophthal- 
mic ganglion ;  10,  its  short  or 
motor  root;  1],  long  sensory  root  from  the  nasal  nerve  ;  12,  sympathetic  twig  from 
the  carotid  plexus  ;  13,  ciliary  nerves  passing  into  the  eyeball;  14,  frontal  branch  of  the 
ophthalmic  nerve. 


NASAL  BRANCH. 

The  nasal  branch  (oculo-nasalis),  separating  from  its  parent  trunk  in  the 
wall  of  the  cavernous  sinus,  enters  the  orbit  between  the  heads  of  the  outer 
rectus.  It  then  inclines  inwards  over  the  optic  nerve,  beneath  the  elevator 
of  the  upper  eyelid  and  the  superior  rectus  muscle,  to  the  inner  wall  of  the 
orbit,  through  which  it  passes  by  the  anterior  internal  orbital  foramen.  In 
this  oblique  course  across  the  orbit  it  furnishes  a  single  filament  to  the 
ophthalmic  ganglion,  two  or  three  (long  ciliary)  directly  to  the  eyeball ;  and, 
at  the  inner  side  of  the  cavity,  a  considerable  branch  (infra- trochlear),  which 
issues  from  the  orbit  at  the  fore  part. 

On  leaving  the  orbit  the  nasal  nerve  is  directed  transversely  inwards  to 
the  upper  surface  of  the  cribriform  plate  of  the  ethmoid  bone,  and  passing 
forwards  in  a  groove  at  its  outer  edge,  within  the  cranium,  descends  by  a 
special  aperture  close  to  the  crista  galli  at  the  fore  part  of  the  plate  to  the 
roof  of  the  nasal  fossa,  where  it  divides  into  two  branches,  one  of  which 
(external  or  superficial  nasal)  reaches  the  integument  of  the  side  of  the  nose, 
and  the  other  (ramus  septi)  ramifies  in  the  pituitary  membrane. 
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a  The  brancJi  to  the  ophthalmic  gangUon  (radix  longa  ganglii  ciliaris)  very  slender, 
and  about  half  an  inch  long,  arises  generally  between  the  heads  of  the  external 
rectus  :  it  lies  on  the  outer  side  of  the  optic  nerve,  and  enters  the  upper  and  back 
part  of  the  ophthalmic  ganglion,  constituting  its  lon<j  root. 

This  small  branch  is  sometimes  joined  by  a  filament  from  the  cavernous  plexus  of 
the  sympathetic,  or  from  the  upper  branch  of  the  third  nerve. 

b  The  lon<i  ciliary  nerves,  two  or  three  in  number,  are  situated  on  the  inner  side  ot 
the'op'ic  nerve  •  they  join  one  or  more  of  the  nerves  from  the  ophthalmic  ganglion 
(short  ciliary),  and  after  perforating  the  sclerotic  coat  of  the  eye,  are  continued 
between  it  and  the  choroid  to  the  ciliary  muscle,  the  cornea,  and  the  ins. 

c.  The  ivfra- trochlear  branch  inns  forwards  along  the  inner  side  of  the  orbit  below 
the' superior  oblique  muscle,  and  receives  near  the  pulley  of  that  muscle  a  filament  of 
connection  from  the  supra-trochlear  nerve.  The  branch  is  then  continued  below  the 
pulley  to  the  inner  angle  of  the  eye,  and  ends  in  filaments  which  supply  the  orbicular 
muscle  of  the  lids,  the  caruncula,  and  the  lachrymal  sac,  as  well  as  the  integument  of 
the  eyelids  and  side  of  the  nose. 

In  the  cavity  of  the  nose  the  nasal  nerve  ends  by  dividing  into  the  following 
branches : — • 

d.  The  branch  to  the  nasal  septum  extends  to  the  lower  part  of  the  partition 
between  the  nasal  fossas,  supplying  the  pituitary  membrane  near  the  fore  part  of  the 
septum. 

e.  The  superficial  branch  (externus  seu  lateralis),  descends  in  a  groove  on  the  inner 
surface  of  the  nasal  bone :  and  after  leaving  the  nasal  cavity  between  that  bone  and 
the  lateral  cartilage  of  the  nose,  it  is  directed  downwards  to  the  tip  of  the  nose, 
beneath  the  compressor  naris  muscle.  While  within  the  nasal  fossa,  this  branch 
gives  two  or  three  filaments  to  the  fore  part  of  its  outer  wall,  which  extend  as  far  as 
the  lower  spongy  bone.  The  cutaneous  part  is  joined  by  a  filament  of  the  facial 
nerve. 

Summary. — The  first  division  of  the  fifth  nerve  is  altogether  sensory  in 
function.  It  furnishe.s  branches  to  the  ball  of  the  eye  and  the  lachrjonal 
gland  ;  to  the  mucous  membrane  of  the  nose  and  eyelids  ;  to  the  integument 
of  the  nose,  the  upper  eyelid,  the  forehead,  and  the  upper  part  of  the  hairy 
scalp  ;  and  to  the  muscles  above  the  middle  of  the  circumference  of  the 
orbit.  Some  of  the  cutaneous  and  miTscular  filaments  join  branches  of  the 
facial  nerve,  and  the  nerve  itself  communicates  with  the  sympathetic. 

OPHTHALMIC  GANG  LION. 

There  are  four  small  ganglia  connected  with  the  divisions  of  the  fifth 
nerve  :  the  ophthalmic  ganglion  with  the  first,  Meckel's  ganglion  with  the 
second,  and  the  otic  and  submaxillary  ganglia  with  the  third.  These 
ganglia,  besides  receiving  branches  from  the  sensory  part  of  the  fifth,  are 
each  connected  with  a  motor  nerve  from  the  third,  the  fifth,  or  the  facial, 
and  with  twigs  from  the  sympathetic  ;  and  the  nerves  thus  joining  the 
ganglia  are  named  their  roots. 

The  ophthalmic  or  lenticular  ganglion  (gang,  semilunare,  vel  ciliare)  serves 
as  a  centre  for  the  supply  of  nerves — motor,  sensory,  and  sympathetic — to 
the  eyeball.  It  ia  a  small  reddish  body,  situated  at  the  back  of  the  orbit, 
between  the  outer  rectus  muscle  and  the  optic  nerve,  and  generally  in  contact 
with  the  ophthalmic  artery  ;  it  is  joined  behind  by  branches  from  the  fifth, 
the  third,  and  the  sympathetic  nerves  ;  while  from  its  fore  part  proceed  the 
ciliary  nerves  to  the  eyeball. 

Union  of  the  ganglion  with  nerves  :  its  roots.— The  posterior  border  of  the 
ganglion  receives  three  nerves.  One  of  these,  the  long  root,  a  slender 
filament  from  the  nasal  branch  of  the  ophthalmic  trunk,  joins  the  upper 
part  of  this  border.  Another  branch,  the  short  root,  much  thicker  an.l 
shorter  than  the  preceding,  and  sometimes  divided  into  parts,  is  derived 
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from  the  branch  of  the  third  nerve  to  the  inferior  oblique  muscle  and  is 
connected  with  the  lower  part  of  the  ganglion.  The  third  root  is'  a  verv 
small  nerve  which  emanates  from  the  cavernous  plexus  of  the  sympathetic 
and  reaches  the  ganglion  with  the  long  upper  root  :  these  two  nerves  are 
sometimes  conjoined  before  reaching  the  ganglion.  Other  roots  have  beeu 
assigned  to  the  ganglion.    (Valentm,  in  Miiller's  Archiv<  for  1840  ) 

Branches  of  the  gancjlion.— From  the  fore  part  of  the  ganglion  arise  ten 
or  twelve  delicate  filaments— the  short  ciliary  nerves.  These  nerves  are 
disposed  in  two  fasciculi,  arising  from  the  upper  and  lower  angles  of  the 
ganglion,  and  they  run  forwards,  one  set  above,  the  other  below  the  optic 
nerve,  the  latter  being  the  more  numerous.  They  are  accompanied  by  fila- 
ments from  the  nasal  nerve  (long  ciliary),  with  which  some  are  joined.  Having 
entered  the  eyeball  by  apertures  in  the  back  part  of  the  sclerotic  coat,  the 
nerves  are  lodged  in  grooves  on  its  inner  surface  ;  and  at  the  cDiary  muscle, 
which  they  pierce  (some  filaments  supplying  it  and  the  cornea),  they  turn, 
inwards  and  ramify  in  the  iris. 


SUPERIOR  MAXILLARY  NERVE. 

The  superior  maxillary  nerve,  or  second  division  of  the  fifth  cranial  nerve 
is  intermediate  in  size  between  the  ophthalmic  and  the  inferior  maxillary 
trunks. 

It  commences  at  the  middle  of  the  Gasserian  ganglion,  and,  passing  hori- 
zontally forwards,  soon  leaves  the  skull  by  the  foramen  rotundum  of  the 
sphenoid  bone.  The  nerve  then  crosses  the  spheno-maxillary  fossa,  and 
enters  the  infra-orbital  canal  of  the  upper  maxilla,  by  which  it  is  conducted 
to  the  face.  After  emeiging  from  the  infra-orbital  foramen,  it  terminates 
beneath  the  elevator  of  the  upper  lip  in  branches  which  spread  out  to  the 
side  of  the  nose,  the  eyelid,  and  the  upper  lip. 

Branches.  —  In  the  spheno-maxillary  fossa  a  temporo-malar  branch 
ascends  from  the  superior  maxillary  nerve  to  the  orbit,  and  two  spheno- 
palatine branches  descend  to  join  Meckel's  ganglion.  Whilst  the  nerve  is 
in  contact  with  the  upper  maxilla,  it  furnishes  two  posterior  dental  branches 
on  the  tuberosity  of  the  bone,  and  an  anterior  dental  branch  at  the  fore  part. 
On  the  face  are  the  terminal  branches  ah-eady  indicated. 

ORBITAL  BRANCH. 

The  orbital  or  temporo-malar  branch,  a  smaU  cutaneous  nerve,  enters  the 
orbit  by  the  spheno-maxillary  fissure,  and  divides  into  two  branches 
(temporal  and  malar),  which  pierce  the  malar  bone,  and  are  distributed  to 
the  temple  and  the  prominent  part  of  the  cheek. 

a.  The  temporal  branch  is  contained  in  an  osseous  groove  or  canal  in  the 
outer  wall  of  the  orbit,  and  leaves  this  cavity  by  a  foramen  in  the  malar 
bone.  When  about  to  traverse  the  bone,  it  is  joined  by  a  communicating 
filament  (in  some  cases,  two  filaments)  from  the  lachrymal  nerve.  The 
nerve  is  then  inclined  upwards  in  the  temporal  fossa  between  the  bone  and 
the  temporal  muscle,  perforates  the  aponeurosis  over  the  muscle  an  inch 
above  the  zygoma,  and  ends  in  cutaneous  filaments  over  the  temple.  The 
cutaneous  ramifications  are  united  with  the  facial  nerve,  and  sometimes 
with  the  superficial  temporal  nerve  of  the  third  division  of  the  fifth. 

b.  The  malar  hi-anch  lies  at  first  in  the  loose  fat  in  the  lower  angle  of  the 
orbit,  and  is  continued  to  the  face  through  a  foramen  in  the  ''fore  part  of 
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the  malax  bone,  where  it  is  frequently  diviiled  into  two  filaments.  lu  t^ie 
prominent  p;iit  of  the  oheok  this  nerve  communicates  with  the  facial  nerve. 


Fig.  406. 


Fig,  406.— SnPERiOR  Maxillary  Nerve  and  some  of  the  Orbital  Nerves  (from 
Sappey  after  Hirschfeld  and  Leveill^).  f. 

1,  the  Gasserian  ganglion  ;  2,  lachrymal  branch  of  the  ophthalmic  nerve  ;  3,  trunk  of  the 
superior  maxillary  nerve ;  4,  its  orbital  branch,  joining  at  5,  the  palpebral  twig  of  the 
lachrymal  ;  6,  origin  of  its  malar  twig  ;  7,  its  temporal  twig  ;  8,  spheno-palatine  ganglion  ; 
9,  Vidian  nerve  ;  10,  its  upper  branch  or  great  superficial  petrosal  nerve  proceeding  to  join 
the  facial  nerve  (11)  ;  12,  union  of  the  lower  branch  of  the  Vidian  nerve  with  the  carotid 
branch  of  the  sympathetic  ;  13,  14,  posterior  dental  nerves  ;  15,  terminal  branches  of  the 
infraorbital  nerves  ramifying  on  the  side  of  the  nose  and  upper  lip  ;  16,  a  branch  of  the 
facial  uniting  with  some  of  the  twigs  of  the  infraorbital. 


POSTERIOR  DENTAL  BRANCHES. 

The  posterior  dental  branches,  two  in  number,  are  directed  downwards 
and  outwards  over  the  back  part  and  tuberosity  of  the  maxillary  bone. 

One  of  the  branches  enters  a  canal  in  the  bone  by  which  it  is  conducted 
to  the  teeth,  and  gives  forwards  a  communicating  filament  to  the  anterior 
dental  nerve.  It  ends  in  filaments  to  the  molar  teeth  and  the  lining  mem- 
brane of  the  maxillary  sinus,  and  near  the  teeth  joins  a  second  time  with 
the  anterior  dental  nerve. 

The  anterior  of  the  two  branches,  lying  on  the  surface  of  the  bone,  ia 
distributed  to  the  gums  of  the  upper  jaw  and  to  the  buccinator  muscle. 


ANTERIOR  DENTAL  BRANCH. 

The  anterior  dental  branch,  leaving  the  trunk  of  the  nerve  at  a  varying 
distance  behind  its  exit  from  the  infra-orbital  foramen,  enters  a  special  canal 
in  front  of  the  antrum  of  Highmore.  In  this  canal  it  receives  the  com- 
municating filament  from  the  posterior  dental  nerve,  and  divides  into  two 
branches,  which  furnish  offsets  for  the  front  teeth. 

(a)  The  inner  branch  supplies  the  incisor  and  canine  teeth.  Filaments  from  this 
nerve  enter  the  lower  meatus  of  the  nose,  and  end  iu  the  membrane  covering  the 
lower  spongy  bone.  Also  above  the  root  of  the  canine  tooth,  it  unites  with  a  branch  of 
the  posterior  nasal  nerve  from  Meckel's  ganglion,  and  forms  with  ita  smalUhickening, 
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the  ffanrjlion  of  BocMaleh,  from  which  1,ranchcs  arc  described  as  descending  to  the 
alveolar  process  and  gu.ns  of  the  incisor  and  canine  teeth.    (See  Ibrtl'B Tihld' 
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The  infraorbital  branches,  large  and  numerous,  spring  from  the  end  of 
the  superior  maxillary  nerve  beneath  the  elevator  muscle  of  the  upper  lip, 
and  are  divisible  into  palpebral,  nasal,  and  labual  sets. 


Fig.  407. 


Fig.  407. — Deep  View  op  a?HE  SpHErro-PALATiira  GANOLioTr,  and  its  Connections  with 
OTHER  Nerves,  &c.  (from  Sappey  after  Hirschfeld  and  Leveilld).  | 

1,  superior  maxillary  nerve  ;  2,  posterior  superior  dental ;  3,  second  posterior  dental 
branch  ;  4,  anterior  dental ;  5,  union  of  these  nerves  ;  6,  spheno-palatine  ganglion  ;  7, 
Vidian  nerve  ;  8,  its  great  superficial  petrosal  branch  ;  9,  its  carotid  branch  ;  10,  a  pait 
of  the  sixth  nerve,  receiving  twigs  from  the  carotid  plexus  of  the  sympathetic  ;  11,  superior 
cervical  sympathetic  ganglion  ;  12,  its  carotid  bi-anch  ;  13,  trunk  of  the  facial  nerve  near 
the  knee  or  bend  at  the  hiatus  Fallopii  ;  14,  glosso-pharyngeal  nerve  ;  15,  anastomosing 
branch  of  Jacobson  ;  16,  twig  uniting  it  to  the  sympathetic;  17,  filament  to  the  fenestra 
rotunda;  18,  filament  to  the  Eustachian  tube  ;  19,  filament  to  the  fenestra  ovalis  ;  20, 
external  deep  petrosal  nerve  uniting  with  the  lesser  superficial  petrosal  ;  21,  internal  deep 
petrosal  twig  uniting  with  the  great  superficial  petrosal. 

a.  The  palpebral  branch  (there  are  sometimes  two  branches)  turns  upwards  to  the 
lower  eyelid  in  a  groove  or  canal  of  the  bone,  and  supplies  tlie  orbicular  muscle ;  it 
ends  in  filaments  which  are  distributed  to  the  eyelid  in  its  entire  breadth.  At  the 
outer  angle  of  the  eyelids  this  nerve  is  connected  with  the  facial  nerve. 

b.  The  nasal  branches,  directed  inwards  to  the  muscles  and  integument  of  the  side 
of  the  nose,  communicate  with  the  cutaneous  branch  of  the  nasal  nerve. 

c.  The  labial,  the  largest  of  the  terminal  branches  of  the  upper  maxillary  nerve, 
and  three  or  four  in  number,  are  continued  downwards  beneath  the  proper  elevator 
of  the  upper  lip.  Ramifying  as  they  descend,  these  nerves  are  distributed  to  the 
integument,  the  mucous  membrane  of  the  mouth,  the  labial  glands,  and  the  muscles 
of  the  upper  lip. 

Near  the  orbit  the  infraorbital  branches  of  the  superior  maxillary  nerve 
are  joined  by  considerable  branches  of  the  facial  nerve,  the  union  between 
the  two  being  named  infraorbital  plexus. 


SPHENO-PALATINE  GANGLION. 
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SrnENO-PALATINE  GANGLION. 

The  spheno-paktine  ganglion,  frequently  named  Meckel's  ganglion,  is 
deeply  placed  iu  the  spheuo-maxillary  fossa,  close  to  the  spheno-palatme 
foramen.  Tt  receives  the  two  spheno-palatine  branches,  which  descend 
together  from  the  superior  maxillary  nerve  as  it  crosses  the  top  of  the  fossa. 
It  is  of  a  greyish  colour,  triangular  in  forta,  and  convex  on  the  outer 
surface.  The  grey  or  ganglionic  substance  does  not  involve  all  the  fibres 
of  the  spheno-palatine  branches  of  the  upper  maxillaiy  nerve,  but  is  placed 
at  the  back  part,  at  the  point  of  junction  of  the  sympathetic  or  deep 
branch  of  the  Vidian,  so  that  the  spheno-palatine  nerves  proceeding  to  the 
nose  and  palate  pass  to  their  destination  without  being  incorporated  with 
the  ganglionic  mass. 

Branches  proceed  from  the  ganglion  upwards  to  the  orbit,  downwards  to 
the  palate,  inwards  to  the  nose,  and  backwards  through  the  Vidian  and 
pterygo-palatiue  canals. 

Ascending  Branches. — There  are  three  or  more  very  small  twigs, 
which  reach  the  orbit  by  the  spheno-maxillary  fissure,  and  are  distributed  to 
the  periosteimi. 

Bock  describes  a  branch  ascending  from  the  ganglion  to  the  sixth  nerve ;  Tiede- 
mann,  one  to  the  lower  angle  of  the  ophthalmic  ganglion.  The  filaments  described 
by  Hirzel  as  ascending  to  the  optic  nerve,  most  probably  join  the  ciliary  twigs  which 
surround  that  nerve. 

Descending  Branches. — These  are  three  in  mimber, — the  large,  the 
small,  and  the  external  palatine  nerves,  and  are  contiuued  chiefly  from 
the  spheno-palatine  branches  of  the  superior  maxillary.  They  are  distri- 
buted to  the  tonsil,  the  hard  and  soft  palate,  the  gums,  and  the  mucous 
membrane  of  the  nose. 

a.  The  larger  or  anterior  palatine  nerve,  descends  in  the  palato-maxillary  canal, 
and  divides  in  the  roof  of  the  mouth  into  branches,  which  are  received  into  grooves 
in  the  hard  palate,  and  extend  forwards  nearly  to  the  incisor  teeth.  In  the  mouth  it 
supplies  the  gums,  the  glandular  structure  and  the  mucous  membrane  of  the  hard 
palate,  and  joins  in  front  with  the  naso-palatine  nerve.  When  entering  its  canal, 
this  palatine  nerve  gives  a  nasal  branch  which  ramifies  on  the  middle  and  lower 
spongy  bones;  and  a  little  before  leaving  the  canal,  another  branch  is  supplied  to 
the  membrane  covering  the  lower  spongy  bone :  these  are  inferior  nasal  branches. 
Opposite  the  lower  spongy  bone  springs  a  small  branch,  which  is  continued  to  the 
soft  palate  in  a  separate  canal  behind  the  trunk  of  the  nerve. 

b.  The  smaller  or  posterior  palatine  branch,  arising  near  the  preceding  nerve, 
enters  with  a  small  artery  the  lesser  palatine  canal,  and  is  conducted  to  the  soft 
palate,  the  tonsil,  and  the  uvula.  According  to  Meckel,  it  supplies  the  levator 
palati  muscle. 

c.  The  external  jmlatine  nerve,  the  smallest  of  the  series,  courses  between  the 
upper  maxilla  and  the  external  pterygoid  muscle,  and  enters  the  external  palatine 
canal  between  the  maxillary  bone  and  the  pterygoid  process  of  the  palate  bone.  At 
its  exit  from  the  canal  it  gives  inwards  a  branch  to  the  uvula,  and  outwards  another 
to  the  tonsil  and  palate.    Occasionally,  this  nerve  is  altogether  wanting. 

Internal  Branches. — These  consist  of  the  naso-palatine,  aud  the 
upper  and  anterior  nasal,  which  ramify  in  the  lining  membrane  of  the 
nasal  fossae  aud  adjoiuing  sinuses. 

The  upper  nasal  are  very  small  branches,  and  enter  the  back  part  of  the  nasal 
fossa  by  the  spheno-palatine  foramen.  Some  are  prolonged  to  the  upper  and 
posterior  part  of  the  septum,  and  the  remainder  ramify  in  the  membrane  covering 
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the  uppei  two  spongy  bones,  and  in  that  lining  the  posterior  ethmoid  cells  A 
branch  as  has  been  already  stated,  forms  a  connection  in  the  wall  of  the  mSlarv 
sinus,  above  the  eye  tooth,  with  the  anterior  dental  nerve  max.llarj 
_  The  na^o-pcdatine  nerve,  nerve  of  Cotunnius  (Scarpa),  long  and  slender  leaves  the 

Zritf°'  T^'n  T'''  ^'-'''''''^  branchesj'and  after  crossing  the  roo  of 
the  nasal  fossa  is  directed  downwards  and  forwards  on  the  septum  nasi,  towards  the 
anterior  palatine  canal,  situated  between  the  periosteum  and  the  pituitary  membrane. 
1  he  nerves  of  opposite  sides  descend  to  the  palate  through  the  mesial  subdivisions  of  the 

♦W  .^f?^  J.  f^'T'^'f  °^  ^'^'■P'''  ^-^^  ^""^^^  °f  "S'^t  usually  behind 
that  of  the  .  left.  In  the  lower  common  foramen  the  two  naso-palatine  nerves  are 
connected  with  each  other ;  and  they  end  in  several  filaments,  which  are  distributed 
to  the  papilla  behind  the  incisor  teeth,  and  communicate  with  the  great  palatine 
nerve.  In  its  course  along  the  septum,  small  filaments  are  furnished  from  the  naso- 
palatine nerve  to  the  pituitary  membrane.  (See  Fig.  402.  This  nerve  was  discovered 
independently  by  John  Hunter  and  Cotunnius;  see  Hunters  "Observations  on 
certain  parts  of  the  Animal  Economy;"  and  Scarpa,  " Annotationes  Anatomicro," 
lib.  11.)  ' 


Fig.  408. 


Fig.  408. — Nerves  op  the  Nose  and  op  the  Spheno-Palatine  Gtanglion  from  the 
Inner  Side  (from  Sappey  after  Hirschfeld  and  Leveille).  ^ 

1,  network  of  the  branches  of  the  olfactory  nerve  descending  upon  the  membrane 
coveringthe  superior  and  middle  turbinated  bones  ;  2,  external  twig  of  the  ethmoidal  branch 
of  the  nasal  nerve ;  3,  spheno-palatine  ganglion ;  4,  ramification  of  the  anterior  division 
of  the  palatine  nerves  :  5,  posterior,  and  6,  middle  divisions  of  the  palatine  nerves  ;  7, 
branch  to  the  membrane  on  the  lower  turbinated  bone;  8,  branch  to  the  superior  and 
middle  turbinated  bones ;  9,  naso-palatine  branch  to  the  septum  cut  short;  10,  Vidian 
nerve  ;  11,  its  great  superficial  petrosal  branch  ;  12,  its  carotid  branch  ;  13,  the  sympa- 
thetic nerves  ascending  on  the  internal  carotid  artery. 

Posterior  Bjianches. — The  branches  directed  backwards  from  the  spheno- 
palatine ganglion  are  the  Vidian  and  pharyngeal  nerves. 

The  Vidian  nerve  arises  from  the  back  part  of  the  ganglion,  which  seems  to  be  pro- 
longed into  it,  passes  backwards  through  the  Vidian  canal,  and  after  emerging  from 
this  divides  in  the  substance  of  the  fibrocartilage  filling  the  foramen  lacerum 
medium,  into  two  branches :  one  of  these,  the  superficial  petrosal,  joins  the  facial 
nerve,  while  the  other,  the  carotid  branch,  communicates  with  the  sympathetic. 
AVhilst  the  Vidian  nerve  is  in  its  canal,  it  gives  inwards  some  small  nasal  branches, 
which  supply  the  membrane  of  the  back  part  of  the  roof  of  the  nose  and  septum,  as 
well  as  the  membrane  covering  the  end  of  the  Eustachian  tube. 
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The  larfje  miperjicial  petrosal  branch  of  the  Vidian  nerve,  entering  the  cranium  on  the 
outer  side  of  the  carotid  artery  and  beneath  the  Gasserian  ganglion,  is  directed  back- 
wards in  a  groove  on  tlie  petrous  portion  of  the  temporal  bone,  to  the  hiatus  Fallopii, 
and  is  thus  conducted  to  the  aqueductus  Fallopii,  where  it  joins  the  gangliform 
enlargement  of  the  facial  nerve. 

The  carotid  or  sympathetic  portion  of  the  Vidian  nerve,  shorter  than  the  other,  is 
of  a  reddish  colour  and  softer  texture :  it  is  directed  backwards,  and  on  the  outer 
side  of  the  carotid  artery  ends  in  the  filaments  of  the  sympathetic  surrounding 
that  vessel. 

In  accordance  with  the  view  taken  of  the  ganglia  connected  with  the  fifth  nerve 
(p.  699),  the  superficial  petrosal  and  carotid  parts  of  the  Vidian  nerve  may  be  regarded 
as  the  motor  and  sympathetic  roots  respectively  of  the  spheno-palatine  ganglion; 
the  spheno-palatine  being  its  sensory  root. 

The  7jAfl?-2/n(7ertZ  nerve  is  inconsiderable  in  size,  and  instead  of  emanating  directly 
from  the  ganglion,  is  frequently  derived  altogether  from  the  Vidian.  This  branch,  when 
a  separate  nerve,  springs  from  the  back  of  the  ganglion,  enters  the  pterygo-palatine 
canal  with  an  artery,  and  is  lost  in  the  lining  membrane  of  the  pharynx  behind  the 
Eustachian  tube. 

Summary. — The  superior  maxillary  nerve,  with  Meckel's  ganglion,  supplies 
the  integument  above  the  zygomatic  arch,  and  that  of  the  lower  eyelid,  the 
side  of  the  nose,  and  the  upper  lip  ;  the  upper  teeth,  the  lining  mem- 
brane of  the  nose  ;  the  membrane  of  the  upper  part  of  the  pharynx,  of  the 
antrum  of  Highmore,  and  of  the  posterior  ethmoid  cells  ;  the  soft  palate, 
tonsil,  and  uvula  ;  and  the  glandular  and  mucous  structures  of  the  roof  of 
the  mouth. 


INFERIOR  MAXILLARY  NERVE. 

The  lower  maxillary  nerve,  the  third  and  largest  division  of  the  fifth 
nerve,  is  made  up  of  two  portions,  unequal  in  size,  the  larger  being  de- 
rived from  the  Gasserian  ganglion,  and  the  smaller  being  the  slender 
motor  root  of  the  fifth  nerve.  These  two  parts  leave  the  skull  by  the 
foramen  ovale  in  the  sphenoid  bone,  and  unite  immediately  after  their 
exit.  A  few  lines  beneath  the  base  of  the  skull,  and  under  cover  of 
the  external  pterygoid  muscle,  the  nerve  separates  into  two  primary 
divisions,  one  of  which  is  liigher  in  position  and  smaller  than  the  other. 

The  small.  Anterior,  or  lupper  portion,  purely  motor,  terminates  in 
branches  to  the  temporal,  masseter,  buccinator,  and  pterygoid  muscles.  The 
larger  or  loxoer  portion,  chiefly  sensory,  divides  into  the  auriculo-temporal, 
gustatory,  and  inferior  dental  branches  :  it  likewise  supplies  the  mylohyoid 
muscle,  and  the  anterior  belly  of  the  digastric.  The  branch  to  the  in- 
ternal pterygoid  muscle,  with  which  also  are  connected  those  proceeding 
from  the  otic  ganglion  to  the  tensors  of  the  palate  and  tympanum,  is 
sometimes  counted  as  a  part  of  the  larger  division,  but  is  more  correctly 
legarded  as  arising  from  the  undivided  trunk. 

DEEP  TEMPORAL,  MASSETEBIO,  BUCCAL,  AND  PTERYGOID  BRANCHES. 

The  deep  temporal  branches,  two  in  number,  anterior  and  posterior,  pass 
outwards  above  the  external  pterygoid  muscle,  close  to  the  bone,  and  run 
upwards,  one  near  the  front,  and  the  other  near  the  back  of  the  tem- 
poral fossa,  beneath  the  temporal  muscle  in  the  substance  of  which  they 
are  distributed.    (See  fig.  403.) 

The  anterior  branch  is  frequently  joined  with  the  buccal  nerve,  and 
sometimes  with  the  other  deep  temporal  branch. 

The  masseteric  branch   likewise  passes  above   the  external  pterygoid 
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muscle,  and  is  directed  nearly  horizontally  outwards  through  the  sigmoid 
notch  of  the  lower  jaw  to  the  posterior  border  of  the  masseteric  muscle, 
which  it  enters  on  the  deep  surface.  It  gives  a  filament  or  two  to  the 
articulation  of  the  jaw,  and  occasionally  furnishes  a  branch  to  the  tem- 
poral muscle. 

The  buccal  branch  pierces  the  substance  of  the  external  pterygoid  muscle, 
and  courses  downwards  and  forwards  to  the  face,  in  close  contact  with  the 
deep  surface  of  the  temporal  muscle  at  its  insertion.  It  furnishes  a  branch 
to  the  external  pterygoid  muscle  as  it  pierces  it,  and  on  emerging  gives 
two  or  three  ascending  branches  to  the  temporal  muscle.  It  divides  into 
two  principal  branches,  an  iipper  and  a  lower,  which  communicate  with 
the  facial  nerve  in  a  plexus  round  the  facial  vein,  and  are  distributed  to 
the  integument,  the  buccinator  muscle,  and  the  mucous  membrane. 

The  external  pterygoid  branch  is  most  frequently  derived  from  the  buccal 
nerve.  It  is  sometimes  a  separate  offset  from  the  smaller  portion  of  the 
lower  maxillary  nerve. 

The  nerve  of  the  internal  pterygoid  muscle  is  closely  connected  at  its 
origin  with  the  otic  ganglion,  and  enters  the  inner  or  deep  surface  of  the 
muscle. 

AURICtrLO-TEMPORAL  NERVE. 

The  auriculo-temporal  nerve  takes  its  origin  close  to  the  foramen  ovale.  It 
often  commences  by  two  roots,  between  -which  may  be  placed  the  middle 
meningeal  artery.  It  is  directed  at  first  backwards,  beneath  the  external 
pterygoid  muscle,  to  the  inner  side  of  the  articulation  of  the  jaw  ;  then 
changing  its  course,  it  turns  upwards  between  the  ear  and  the  joint,  covered 
by  the  parotid  gland  ;  and  emerging  from  this  place,  it  finally  divides  into 
two  temporal  branches  which  ascend  towards  the  top  of  the  head. 

(a)  Communicating  branches. — There  are  commonly  two  branches,  which  pass 
forward  round  the  external  carotid  artery,  and  join  the  facial  nerve.  Filaments  to 
the  otic  ganglion  arise  near  the  beginning  of  the  nerve. 

(6)  Parotid  branches  are  given  from  the  nerve  while  it  is  covered  by  the  gland. 

(c)  Auricular  branches. — These  are  two  in  number.  The  lower  of  the  two,  arising 
behiad  the  articulation  of  the  jaw,  distributes  branches  to  the  ear  below  the  external 
meatus ;  and  sends  other  filaments  round  the  internal  maxillary  artery  to  join  the 
sympathetic  nerve :  the  upper  branch,  leaving  the  nerve  in  front  of  the  ear,  is  dis- 
tributed in  the  integument  covering  the  tragus  and  the  pinna  above  the  external 
auditory  meatus.    Both  are  confined  to  the  outer  surface  of  the  ear. 

{d)  Branches  io  the  meatus  auditorium. — These,  two  in  number,  spring  from  the 
point  of  connection  of  the  facial  and  auriculo-temporal  nerves,  and  enter  the  interior 
of  the  auditory  meatus  between  the  osseous  and  cartilaginous  parts.  One  of  them 
sends  a  branch  to  the  membrana  tympani. 

(e)  Articular  branch. — The  nerve  to  the  temporo-maxillary  articulation  comes 
from  one  of  the  preceding  branches,  or  directly  from  the  auriculo-temporal  nerve. 

(/)  Temporal  branches. — One  of  these,  the  smaller  and  posterior  of  the  two, 
distributes  filaments  to  the  anterior  muscle  of  the  auricle,  the  upper  part  of  the 
pinna  and  the  integument  above  it.  The  anterior  temporal  branch  extends  with 
the  supei-ficial  temporal  artery  to  the  top  of  the  head,  and  ends  in  the  integument. 
It  is  often  united  with  the  temporal  branch  of  the  upper  maxillary  neiwe.  Meckel 
mentions  a  communication  between  this  branch  and  the  occipital  nerve. 

GUSTATORY  NERVE. 


The  gustatory  nerve,  or  lingual  branch  of  the  fifth,  descends  under 
ver  of  the  external  pterygoid  muscle,  lyuig  to  the  inner  side  and  in 
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front  of  the  dental  nerve,  and  sometimes  united  to  it  by  a  cord  which 
crosses  over  the  internal  maxillary  artery.  It  is  there  JO"^ed  a" 
iu.gle  by  the  chorda  tympaui,  a  small  branch  connected  with  the  tacial 
nerve,  which  descends  from  the  inner  end  of  the  Glasenan  fissure.  It 
then  passes  between  the  internal  pterygoid  muscle  and  the  lower  maxil  a, 
and  is  mchned  obliquely  inwards  to  the  .side  of  the  tongue  over  the 
upper  constrictor  of  the  pharynx,  (where  this  muscle  is  attached  to  the 
maxillary  bone,)  and  above  the  deep  portion  of  the  submaxillaiy  gland. 
Lastly,  the  nerve  crosses  Wharton's  duct,  and  Ls  continued  along  tt^e  s^Je 
of  the  tongue  to  the  apex,  in  contact  with  the  mucous  membrane  of  the 
mouth. 

(a)  Communicating  branches  are  given  to  the  submaxillary  ganglion,  at  the  place 

Fig.  409. 


«  ■■;   'M 

Fig.  409. — View  of  the  Branodes  op  the  Inferior  Maxillary  Nervk  prom  the 
OUTER  siDii  (from  Sappey  after  Hirscbfeld  and  Leveill^).  -J 

The  zygoma  and  ramus  of  the  jaw  have  been  removed,  and  the  outer  plate  of  the  jaw 
taken  off  so  as  to  open  up  the  dental  canal;  the  luwer  pait  of  the  temporal  muscle  has 
been  dissected  off  the  bone,  and  the  masseter  muscle  turned  down. 

1,  Masseteric  branch,  descending  to  the  deep  suifoce  of  the  muscle ;  2,  a  twig  to  the 
temporal  muscle ;  5,  anterior,  and  7,  posterior  deep  temporal  nerves  ;  3,  buccal ;  4,  its 
union  with  the  facial ;  6,  filaments  given  by  the  buccal  to  the  external  pterygoid  muscle; 
8,  auriculo-temporal  nerve  ;  9,  its  temporal  branches  ;  10,  itsantei-ior  auricular  branches  ; 
11,  its  union  with  the  facial;  12,  gustatory  or  lingual  nerve  ;  13,  mylo-liyoid  nerve  ;  14, 
inferior  dental  nerve  ;  1.^,  its  twigs  supplied  to  the  teeth;  IG, mental  branches;  17,  branch 
of  the  facial  uniting  with  the  mental. 
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where  the  nerve  18  in  contact  with  the  submaxillary  gland.  Others  form  a  plexus 
with  branches  of  the  hypoglossal  nerve  at  the  inner  border  of  the  liyoglossus  muscle 

(6)  Branches  to  the  mucous  memhrane  of  the  mouth  are  given  from  the  nerve  at 
the  side  of  the  tongue,  and  supply  also  the  gums.  Some  delicate  filaments  are  like- 
wise distributed  to  the  substance  of  the  sublingual  gland. 

(c)  The  lingual  or  terminal  branches  perforate  the  muscular  structure  of  the  tongue 
and  divide  into  filaments,  which  are  continued  almost  vertically  upwards  to  the  coni- 
cal and  fungiform  papillae.  Near  the  tip  of  the  tongue  the  branches  of  the  gustatory 
and  hypoglossal  nerves  are  united. 

INFERIOR  DENTAL  NERVE. 

The  inferior  dental  nerve  is  the  largest  of  the  three  branches  of  the 
lower  maxillary  nerve.  It  descends  under  cover  of  the  external  pterygoid 
muscle,  behind  and  to  the  outer  side  of  the  gustatory  nerve,  and  passing 
between  the  ramus  of  the  jaw  and  the  internal  lateral  ligament  of  the 
temporo-maxillary  articulation,  enters  the  inferior  dental  canal.  In  com- 
pany with  the  dental  artery,  it  proceeds  along  this  canal,  and  supplies 
branches  to  the  teeth.  At  the  mental  foramen  it  bifurcates  ;  one  part, 
the  incisor  branch,  being  continued  onwards  within  the  bone  to  the 
middle  line,  while  the  other,  the  much  larger  labial  branch,  escapes  by 
the  foramen  to  the  face. 

When  about  to  enter  the  foramen  on  the  inner  surface  of  the  ramus  of 
the  jaw,  the  inferior  dental  nerve  gives  off  the  slender  mylo-hyoid  branch. 

{a)  The  mylo-hyoid  branch  is  lodged  in  a  groove  on  the  inner  surface  of  the  ramus 
of  the  maxillary  bone,  in  which  it  is  confined  by  fibrous  membrane,  and  is  distributed 
to  the  lower  or  cutaneous  surface  of  the  mylo-hyoideus  and  to  the  anterior  belly  of 
the  digastric  muscle.  This  nerve  may  be  traced  back  within  the  sheath  of  the  inferior 
dental  to  the  motor  portion  of  the  inferior  maxillary  nerve. 

{b)  The  dental  brandies  supplied  to  the  molar  and  bicuspid  teeth  correspond  to 
the  number  of  the  fangs  of  those  teeth.  Each  branch  enters  the  minute  foramen  in 
the  extremity  of  a  fang,  and  terminates  in  the  pulp  of  the  tooth.  Not  unfrequently 
a  collateral  branch  supplies  twigs  to  several  teeth. 

(c)  The  incisor  branch  has  the  same  direction  as  the  trunk  of  the  nerve  :  it  extends 
to  the  middle  line  from  the  point  of  origin  of  the  labial  branch,  and  supplies  nerves 
to  the  canine  and  incisor  teeth. 

{d)  The  labial  or  mental  branch  emerging  from  the  bone  by  the  foramen  on  the 
outer  surface,  divides  beneath  the  depressor  of  the  angle  of  the  mouth  into  two 
parts : — 

One  of  these,  the  outer  division,  communicating  with  the  facial  nerve,  supplies  the 
depressor  anguli  oris  and  orbicularis  oris  muscles,  and  the  integument  of  the  chin. 

The  inner  portion,  the  larger  of  the  two,  ascends  to  the  lower  lip  beneath  the  de- 
pressor labii  inferioris  muscle,  to  which  it  gives  filaments  :  the  greater  number  of  the 
branches  end  on  the  inner  and  outer  surfaces  of  the  lip.  These  inner  branches  assist 
only  slightly  in  forming  the  plexus  of  union  with  the  facial  nerve. 

OTIO  GANGLION. 

■  The  otic  ganglion,  or  ganglion  of  Arnold,  of  a  reddish  grey  colour,  is 
situated  on  the  deep  surface  of  the  lower  maxillarj'  trunk,  nearly  at  the 
point  of  junction  of  the  motor  fasciculus  with  that  nerve,  and  around  the 
origin  of  the  internal  pterygoid  branch.  Its  inner  surface  is  close  to  the 
cartilaginous  part  of  the  Eustachian  tube  and  the  circumflexus  palati 
muscle  ;  and  behind  it  is  the  middle  meningeal  artery. 

Connection  vith  nerves — roots. — The  ganglion  is  connected  with  the 
lower  maxillary  nerve,  especially  with  the  branch  furnished  to  the  internal 
pterygoid  muscle,  and  with  the  auriculo-temporal  nerve,  and  thus  obtains 
motor  and  sensory  roots ;  it  is  brought  into  connection  with  the  sympa- 
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K    o  fi1a,nent  from  the  plexus  on  the  middle  uiening«al  artery. 

uerves. 

Fig.  4 1 0.— Otic  Ganqlion 

AND     ITS  CONKECTIONS 

FROM  THE  iNSiDK  (from 
Sappey  after  Arnold).  ^ 

This  figure  exhibits  a 
view  of  the  lateral  portion 
of  the  skull  with  a  part  of 
the  nasal  fossa  and  lower 
jaw  of  the  right  side  ;  the 
petrous  bone  has  been  re- 
moved so  as  to  show  the 
inner  surface  of  the  mern- 
brana  tympani  and  the 
canal  of  the  facial  nerve. 

1,  smaller  motor  root  of 
the  fifth  nerve  passing 
down  on  the  inside  of  the 
Gasserian  ganglion  to  unite 
with  the  inferior  maxillary 
division  ;  2,  inferior  dental 
nerve  entering  the  canal  of 
the  lower  jaw ;  3,  mylo- 
hyoid branch,  seen  also 
farther  down  emerging  in 
front  of  the  internal  ptery-  ^   j.  •  ,  • 

goid  muscle;  4,  lingual  or  gustatory  nerve ;  5,  chorda  tympani ;  6,  facial  nerve  m  its 
canal ;  7,  auriculo-temporal  nerve,  enclosing  in  its  loop  of  origin  the  middle  meningeal 
artery;  8,  otic  ganglion;  9,  small  superficial  petrosal  nerve  joining  the  ganglion;  10, 
branch  to  the  tensor  tympani  muscle  ;  11,  twig  connecting  the  ganglion  with  the  temporo- 
anricalar  nerve;  12,  twig  to  the  ganglion  from  the  sympathetic  nerves  on  the  meningeal 
artery;  13,  branch  to  the  internal  pterygoid  muscle;  14,  branch  to  the  tensor  palati 
muscle. 

Branches. — Two  small  nerves  are  distributed  to  muscles — one  to  the 
tensor  of  the  membrane  of  the  tympanum,  the  other  to  the  circumflexus 
or  tensor  palati. 

STJBMAXILLABY  GANGLION, 

The  submaxillary  ganglion  is  placed  above  the  deep  portion  of  the  sub- 
maxillary gland,  and  is  connected  by  filaments  with  the  gustatory  nerve. 
It  is  about  the  size  of  the  ophthalmic  ganglion.  By  the  upper  part  or 
base  it  receives  branches  from  nerves  which  may  be  regarded  as  its  roots, 
whilst  from  the  lower  part  proceed  the  filaments  which  are  distributed  from 
the  ganglion. 

Connection  with  nerves — roots. — This  ganglion  receives  filaments  from 
the  gustatory  nerve,  and  likewise,  at  its  back  part,  a  root  Avhich  appa- 
rently comes  from  the  gustatory  nerve,  but  is  in  reality  derived  from  the 
chorda  tympani,  which  is  prolonged  downwards  in  the  sheath  of  the 
gustatory  nerve.  It  receives  also  small  twigs  from  the  sympathetic  filaments 
on  the  facial  artery. 

Branches. — Some  nerves,  five  or  six  in  number,  radiate  to  the  substance 


610 


THE  CRANIAL  NERVES. 


of  the  submaxilhwy  gland.     Others  from  the  fore  part  of  the  ganglion 
longer  and  larger  than  the  preceding,  end  in  the  mucous  membrane  of  the 
mouth,  and  in  "Wharton's  duct. 

According  to  Meckel  ("De  quinto  pare,"  &c.),  a  branch  occasionally  descends  in 
front  of  the  hyo-glossus  muscle,  and  after  joining  with  one  from  the  hypoglossal  nerve 
ends  in  the  genio-hyo-glossus  muscle.  ' 

It  may  be  noticed  that  while  the  branches  from  the  otic  ganghon 
pass  exclusively  to  muscles,  the  submaxiUary  ganghon  gives  no  muscular 
offsets. 

6\tmmrtri/.  — Cutaneous  filaments  of  the  inferior  maxillary  nerve  ramify  on 
the  side  of  the  head,  and  the  external  ear,  in  the  auditory  passage,  the 
lower  lip,  and  the  lower  part  of  the  face  ;  sensory  branches  are  supplied 
by  it  to  the  greater  part  of  the  tongue  ;  and  branches  are  furnished  to  the 
mucous  membrane  of  the  mouth,  the  lower  teeth  and  gums,  the  saUvary 
glands,  and  the  articulation  of  the  lower  jaw. 

This  nerve  supplies  the  muscles  of  mastication,  viz.,  the  masseter,  tem- 
poral, and  two  pterygoid  ;  also  the  buccinator,  the  mylo-hyoid,  and  the 
anterior  belly  of  the  digastric  ;  and  from  the  otic  ganglion  proceed  the 
branches  to  the  circumflexus  palati  and  tensor  tympaui  muscles. 


SIXTH  PAIR  OF  NERVES. 

The  sixth  cranial  nerve  (nerv.  abducens)  enters  the  dura  mater  behind 
the  dorsum  sella;,  and  passing  forwards  in  the  fioor  of  the  cavernous  sinus, 
close  to  the  outer  side  of  the  carotid  artery,  enters  the  orbit  through  the 
sphenoidal  fissure,  and  between  the  heads  of  the  external  rectus  muscle, 
and  is  entirely  distributed  to  that  muscle,  piercing  it  on  the  ocular  surface. 
In  entering  the  orbit  between  the  heads  of  the  external  rectus  muscle,  it  is 
beneath  the  other  nerves,  but  above  the  ophthalmic  vein.  "While  passing 
along  the  internal  carotid  artery  in  the  cavernous  sinus,  it  is  joined  by  several 
filaments  of  the  sympathetic  from,  the  carotid  plexus.  According  to 
Bock,  it  is  joined  in  the  orbit  by  a  filament  from  Meckel's  ganglion. — 
("  Beschreibung  des  Fiinften  Nervenpaares."  1817.) 

SEVENTH  PAIR  OF  NERVES. 

In  the  seventh  cranial  nerve  of  "Willis  are  comprised  two  nerves  having 
a  distinct  origin,  distribution,  and  function.  One  of  these,  the  facial,  is  the 
motor  nerve  of  the  face  ;  the  other,  the  auditory,  is  the  special  nerve  of  the 
organ  of  hearing.  Both  enter  the  internal  auditory  meatus  in  the  tem- 
poral bone,  but  they  are  soon  separated  from  each  other. 

FACIAL  NERVE. 

The  facial  nerve,  or  portio  dura  of  the  seventh  pair,  is  inclined  outwards 
■with  the  auditory  nerve,  from  its  place  of  origin,  to  the  internal  auditory 
meatus.  The  facial  lies  in  a  groove  on  the  auditory  nerve,  and  the  two  are 
united  in  the  auditory  meatus  by  one  or  two  small  filaments.  At  the  bot- 
tom of  the  meatus  the  facial  nerve  enters  the  aqueduct  of  Fallopius,  and 
follows  the  windings  of  that  canal  to  the  lower  surface  of  the  skull.  The 
nerve  passes  through  the  temporal  bone  at  first  almost  horizontally  outwards, 
between  the  cochlea  and  vestibule  j  on  reaching  the  inner  wall  of  the  tym- 
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panum  it  is  turned  suddenly  backwards  above  the  fenestra  ovalis  towards  the 
pyramid.  At  the  place  where  it  bends,  the  nerve  presents  a  reddish  (janglv- 
form  enlargevient,  sometimes  called  the  geniculate  yanglion,  which  marks  the 
place  of  junction  of  several  nerves.  Opposite  the  pyramid  it  is  arched  down- 
wards behind  the  tympanum  to  the  stylo-mastoid  foramen,  by  which  it  leaves 
the  osseous  canal.  It  is  then  continued  forwards  through  the  substance  of 
the  parotid  gland,  and  separates  in  the  gland,  behind  the  ramus  of  the  lower 
maxilla,  into  two  primary  divisions,  the  temporo-facial  and  the  cervico- 
fjicial,  from  which  numerous  branches  spread  out  over  the  side  of  the  head, 
the  face,  and  the  upper  part  of  the  neck,  forming  what  is  known  as  the 
**  pes  anserinus." 

"Within  the  temporal  bone  the  facial  is  connected  with  several  other 
nerves  by  separate  branches  ;  and  immediately  after  issuing  from  the 
stylo-mastoid  foramen,  it  gives  off  three  small  branches,  viz.,  the  posterior 
auricular,  digastric,  and  stylo-hyoid. 

Fig.  411.— Thb  Facial  Nerve  Fig.  411. 

EXPOSED  IN  ITS  CanAL,  WITH  ITS 
CONNEOTINO     BrANOUES,  &C. 

(from  Sappey  after  HirsoLfeld 
and  Leveille).  | 

The  mastoid  and  a  part  of  the 
petrous  bone  have  been  divided 
nearly  vertically,  and  the  canal  of 
the  facial  nerve  opened  in  its  whole 
extent  from  the  meatus  internus 
to  the  stylo-mastoid  foramen.  The 
Vidian  canal  has  also  been  opened 
from  the  outside.  1,  facial  nerve 
in  the  horizontal  part  of  the  com- 
mencement of  the  canal  ;  2,  its 
second  part  turning  backwards  ; 
3,  its  vertical  portion  ;  4,  the 
nerve  at  its  exit  from  the  stylo- 
mastoid foramen  ;  5,  geniculate 
ganglion  ;  6,  large  superficial  pe- 
trosal nerve  passing  from  this  ganglion  to  the  spheno-palatine  ganglion,  and  joined  by 
the  small  internal  petrosal  branch  ;  7,  spheno-palatine  ganglion  ;  8,  small  superficial 
petrosal  nerve;  9,  chorda  tympani ;  10,  posterior  auricular  branch  cut  short  at  its  origin  ; 
11,  branch  for  the  digastric  muscle  ;  12,  brancb  for  the  stylo-hyoid  muscle  ;  13,  twig  to 
the  stylo-glossus  muscle  uniting  with  muscular  branches  of  the  glosso-pharyngeal  nerve  (14 
and  15). 

CONN-ECTING  BEANCBES. 

Filaments  of  union  with  the  auditory  nerve. — Tu  the  meatus  auditorius  one  or  two 
minute  filaments  pass  between  the  facial  and  the  trunk  of  the  auditory  nerve. 

Nerves  connected  with  the  rjangliforin  enlargement. — About  two  lines  from  the 
beginning  of  the  aqueduct  of  Fallopius,  where  the  facial  nerve  swells  into  the  gangU- 
form  enlargement,  it  is  joined  by  the  large  superficial  petrosal  branch  from  the  Vidian 
nerve.  This  ganglion  likewise  receives  a  small  branch  from  the  small  superficial 
petrosal  nerve  which  unites  the  otic  ganglion  with  the  tympanic  nerve  of  Jacobson. 
The  nerve  beyond  the  ganglion  receives  the  external  superficial  petrosal  nerve 
(Bidder),  which  is  furnished  by  the  sympathetic  accompanying  the  middle  meningeal 
artery,  and  enters  the  temporal  bone  by  a  canal  external  to  that  traversed  by  the 
small  superficial  petrosal. 

CHORDA.  TmPANI  AND  NERVE  TO  THE  STAPEDIUS. 

The  nerve  named  chorda  tympani  leaves  the  trunk  of  the  facial  while  within  its 
canal,  and  crosses  the  tympanum  to  join  the  gustatory  nerve,  along  which  it  is  con- 
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ducted  towards  the  tongue.  It  enters  the  back  part  of  the  tympanic  cavity  through  a 
short  canal  emerging  below  the  level  of  the  pyramid,  close  to  the  ring  of  bone  giving 
attachment  to  the  membrane  of  the  tympanum;  and  being  invested  by  the  mucous  lining 
of  the  cavity,  it  is  directed  forwards  across  the  membrana  tympani  and  the  handle  of 
the  malleus  to  an  aperture  at  the  inner  end  of  the  Glasserian  fissure.  It  then  passes 
downwards  and  forwards,  under  cover  of  the  external  pterygoid  muscle,  and  uniting 
with  the  gustatory  nerve  at  an  acute  angle,  descends  in  close  contact  with  it,  and  is 
partly  distributed  to  the  submaxillary  ganglion  and  partly  blended  with  the  gustatory 
nerve  in  its  distribution  to  the  tongue.  As  this  neiTe  crosses  the  tympanum,  it  is 
said  to  supply  a  twig  to  the  laxator  tympani  muscle. 

Fig.  412. — Geniculate  Ganglion  of 
THE  Facial  Nkrve  and  its  Connec- 
tions FiiOM  above  (from  Bidder). 

The  dissection  is  made  in  the  middle 
fossa  of  the  skull  on  the  right  side  ;  the 
temporal  bone  being  removed  so  as  to 
open  the  meatus  internus,  hiatus  Fal- 
lopii  and  a  part  of  the  canal  of  the  facial 
nerve,  together  with  the  cavity  of  the 
tympanum,  a,  the  external  ear  ;  b, 
middle  fossa  of  the  skull  with  the 
meningeal  artery  ramifying  in  it ;  1, 
facial  and  auditory  nerves  in  the  meatus 
auditorius  internus  ;  2,  laroe  super- 
ficial petrosal  nerve  ;  3,  small  super- 
ficial petrosal  nerve  lying  over  the  ten- 
sor tympani  muscle  ;  4,  the  external 
superficial  petrosal  joining  sympathetic 
twigs  on  the  meningeal  artery  ;  5,  facial 
and  chorda  tympani;  6,  nerves  of  the 
eighth  pair. 

The  chorda  tympani  is  regarded  by 
some  anatomists  as  a  continuation  of 
the  great  superficial  petrosal  nerve. 
According  to  Owen,  in  the  horse  and 
calf,  the  portio  dura  being  less  dense 
in  structure,  the  Vid  ian  branch  of  the  fifth  may  be  distinctly  seen  crossing 
the  nerve  after  penetrating  its  sheath,  and  separating  into  many  filaments,  with 
which  filaments  of  the  seventh  nerve  are  blended,  while  a  ganglion  is  formed 
by  the  supei'addition  of  grey  matter ;  and  the  chorda  tympani  is  continued  partly 
from  this  ganglion,  partly  from  the  portio  dura.  (Hunter's  Collected  Works,  vol.  iv. 
p.  194,  note.) 

The  nerve  to  tJie  stapedius  muscle  arises  from  the  trunk  of  the  facial 
opposite  the  pyramid,  and  passes  obliquely  inwards  to  the  fleshy  belly  of 
the  muscle. 

POSTERIOR  AtrRICULAR  BRANCH. 

This  branch  arises  close  to  the  stylo-mastoid  foramen.  In  front  of  the 
mastoid  process,  it  divides  into  an  auricular  and  an  occipital  portion,  and  is 
connected  with  the  great  auricular  nerve  of  the  cervical  plexus.  It  is  said 
to  be  joined  by  the  auricular  branch  of  the  pneumo-gastric  nerve. 

a.  The  auricular  division  supplies  filaments  to  the  retrahent  muscle  of 
the  ear,  and  ends  in  the  integument  on  the  posterior  aspect  of  the 
auricle, 

h.  The  occipital  branch  is  directed  backwards  beneath  the  small  occipital 
nerve  (from  the  cervical  plexus)  to  the  posterior  part  of  the  occipito- 
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frontalis  muscle  ;  it  lies  close  to  the  bone,  and,  besides  supplying  tto  muscle, 
gives  upwards  filaments  to  the  integument. 

DIGASTEIO  AND  STYLO-HYOID  BEANCHES. 

The  digastric  branch  arises  in  common  with  that  for  the  stylo-hyoid 
muscle,  and  is  divided  into  numerous  filaments,  which  enter  the  digastric 
muscle':  one  of  these  sometimes  perforates  the  digastric,  and  joins  the  glosso- 
pharyngeal nerve  near  the  base  of  the  skull. 

The  °stylo-hyoid  branch,  long  and  slender,  is  directed  inwards  from  the 
digastric  branch  to  the  muscle  from  which  it  Ls  named.  This  nerve  is 
connected  with  the  plexus  of  the  sympathetic  on  the  external  carotid 
artery. 

TEMPOEO-FACIAL  DIVISION. 

The  temporo-facial,  the  larger  of  the  two  primary  divisions  into  which 
the  main  trunk  of  the  facial  nerve  separates,  is  directed  forwards  through 
the  parotid  gland.  Its  ramifications  and  connections  with  other  nerves  form 
a  network  over  the  side  of  the  face,  extending  as  high  as  the  temple  and 
as  low  as  the  mouth.  Its  branches  are  arranged  in  temporal,  malar,  and 
infraorbital  sets. 

(a)  The  temporal  brandies  ascend  over  the  zygoma  to  the  side  of  the  head.  Some 
end  in  the  anterior  muscle  of  the  auricle  and  the  integument  of  the  temple,  and 
communicate  with  the  temporal  branch  of  the  upper  maxillary  nerve  near  the  ear,  as 
well  as  with  (according  to  Meckel)  the  auriculo-temporal  branch  of  the  lower  maxil- 
lary nei-ve.  Other  branches  enter  the  occipito-frontalis,  the  orbicularis  palpebrarum, 
and  the  corrugator  superciliL  muscles,  and  join  offsets  from  the  supraorbital  branch 
of  the  ophthalmic  nerve. 

(b)  The  malar  brandies  cross  the  malar  bone  to  reach  the  outer  side  of  the  orbit,  and 
supply  the  orbicular  muscle.  Some  filaments  are  distributed  to  both  the  upper  and 
lower  eyelids:  those  in  the  upper  eyelid  join  filaments  from  the  lachrymal  and 
supraorbital  nerves ;  and  thoss  in  the  lower  lid  are  connected  with  filaments  from  the 
upper  maxillary  nerve.  Filaments  from  this  part  of  the  facial  nerve  communicate 
with  the  malar  branch  of  the  upper  maxillary  nerve. 

(c)  The  infraorbital  branches,  of  larger  size  than  the  other  branches,  are  almost 
horizontal  in  direction,  and  are  distributed  between  the  orbit  and  mouth.  They  sup- 
ply the  buccinator  and  orbicularis  oris  muscles,  the  elevators  of  the  upper  lip  and 
angle  of  the  mouth,  and  likewise  the  integument.  Numerous  communications  take 
place  with  the  fifth  nerve.  Beneath  the  elevator  of  the  upper  lip  these  nerves  are 
united  in  a  plexus  with  the  branches  of  the  upper  maxillary  nerve ;  on  the  side  of 
the  nose  they  communicate  with  the  nasal,  and  at  the  inner  angle  of  the  orbit  with 
the  infratrochlear  nerve.  The  lower  branches  of  this  set  are  connected  with  those 
of  the  cervico-facial  division. 

Near  its  commencement  the  temporo-facial  division  of  the  facial  is  connected 
with  the  auriculo-temporal  nerve  of  the  fifth,  by  one  or  two  branches  of  considerable 
size  which  turn  round  the  external  carotid  artery ;  and  it  gives  some  filaments  to  the 
tragus  of  the  outer  ear. 

CEEVlOO- FACIAL  DIVISION. 

This  division  of  the  facial  nerve  is  directed  obliquely  through  the  parotid 
gland  towards  the  angle  of  the  lower  jaw,  and  gives  branches  to  the  face, 
below  those  of  the  preceding  division,  and  to  the  upper  part  of  the  neck. 
The  branches  are  named  buccal,  supramaxillary,  and  inframaxillary.  In  the 
gland,  this  division  of  the  facial  nerve  is  joined  by  filaments  of  the  great 
auricular  nerve  of  the  cervical  plexus,  and  oifsets  from  it  penetrate  the  sub- 
stance of  the  glaud. 
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(n)  The  buccal  branches  are  directed  across  the  massctcr  muscle  to  the  ande  of 
the  mouth  ;  supp  .v.ng  the  muscles,  they  communicate  with  the  temporo7adaTd1vi 
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Fig.  413. — SuPKRFioiAL  Distribution  op  thk  Facial,  Tiugeminal,  and  other  Nerves 
OP  TUB  Head  (from  Sappey  after  Hirschfeld  and  Leveille).  f 

a,  References  to  the  Facial  Nerve. — 1,  trunk  of  the  facial  nerve  after  its  exit  from  the 
stylo-mastoid  foramen ;  2,  posterior  auricular  branch  ;  3,  filament  of  the  great  auricular 
nei've  uniting  with  the  foregoing  ;  4,  twig  to  the  occipitalis  muscle  ;  5,  twig  to  the  posterior 
auricular  muscle  ;  6,  twig  to  the  superior  auricular  muscle  ;  7,  branch  tO'the  digastric;  8, 
that  to  the  stylo-hyoid  muscle  ;  9,  superior  or  temporo-facial  division  of  the  pes  anserinus; 
10,  temporal  branches ;  1],  frontal;  12,  palpebral  or  orbital;  13,  nasal  or  infra-orbital ; 
14,  buccal  ;  15,  inferior  or  cervico-facial  divition  of  the  nerve  ;  16,  labial  and  mental 
branches  ;  17,  cervical  branches. 

6,  References  to  the  Fifth  Nerve. — 18,  temporo-auricular  nerve  (of  the  inferior  maxillary 
nerve)  uniting  with  the  facial,  giving  anterior  auricular  and  parotid  branches,  and  ascend- 
ing to  the  temporal  region;  19,  external  frontal  or  supra-orbital  nerve;  20,  internal 
frontal ;  21,  palpebral  twigs  of  the  lachrymal  ;  22,  terminal  branches  of  the  infra-trochlear  ; 
23,  malar  twig  of  the  orbito-malar  :  24,  external  nasal  twig  of  the  ethmoidal ;  2.'>,  infra- 
orbital nerve;  26,  buccal  nerve  uniting  with  branches  of  the  facial;  27,  labial  and 
mental  branches  of  the  inferior  dental  nerve. 

c.  Cervical  Nerves. — 28,  great  occipital  nerve  from  the  second  cervical  ;  29,  great 
auricular  nerve  from  the  cervical  plexus  ;  30,  lesser  occipital ;  31,  another  branch  with  a 
similar  distribution  ;  32,  superficial  cervical,  uniting  by  several  twigs  with  the  facial. 
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(h)  The  suprcmiaxillary  branch,  sometimes  double,  gives  an  offset  over  the  side  of 
the  miixilla  to  the  angle  of  the  mouth,  and  is  then  directed  inwards,  beneath  tUe 
depressor  of  the  angle  of  the  mouth,  to  the  muscles  and  integument  between  the  lip 
and  chin  •  it  joins  with  the  labial  branch  of  the  lower  dental  nerve. 

(c)  The  iuframaxillary  brunches  (r.  subcutanci  colli),  perforate  the  deep  cervical 
fascia,  and,  placed  beneath  the  platysma  muscle,  form  arches  across  the  side  of  the 
neck  as  low  as  the  hyoid  bone.  Some  branches  join  the  superficial  cervical  nerve 
beneath  tho  platysma,  otliers  enter  that  muscle,  and  a  few  perforate  it  to  end  in  the 
integument. 

Summary. — The  facial  nerve  is  the  motor  norve  of  the  face.  It  is 
distributed  to  most  of  the  muscles  of  the  ear,  and  to  the  muscles  of  the 
scalp  ;  to  those  of  the  mouth,  nose  and  eyelids  ;  and  to  the  cutaneous 
muscle  of  the  neck  (platysma).  It  likewise  supplies  branches  to  the  integu- 
ment of  the  ear,  to  that  of  the  side  and  back  of  the  head,  as  well  as  to  that 
of  the  f  ice  and  the  upper  part  of  the  neck. 

This  nerve  is  connected  freely  with  the  three  divisions  of  the  fifth  nerve, 
and  with  the  submaxillary  and  spheno-palatine  ganglia  ;  with  the  glosso- 
pharyngeal and  pneumo-gastric  nerves  ;  with  the  auditory,  and  with  part» 
of  the  sympathetic  and  the  spinal  nerves. 

AUDITORY  NERYE. 

The  auditory  nerve,  or  portio  mollis  of  the  seventh  pair,  is  the  special  nerve 
of  the  organ  of  hearing,  and  is  distributed  exclusively  to  the  internal  ear. 

As  the  auditory  nerve  is  inclined  outwards  from  its  connection  with  the 
medulla  oblongata  to  gain  the  internal  auditory  meatus,  it  is  in  contact 
with  the  facial  nerve,  being  only  separated  from  it  in  part  by  a  small  artery 
destined  for  the  interual  ear.  Within  the  meatus  the  two  nerves  are  con- 
nected to  each  other  by  one  or  two  small  filaments.  Finally  the  auditory 
nerve  bifurcates  in  the  meatus  :  one  division,  piercing  the  anterior  part  of  the 
cribriform  lamina,  is  distributed  to  the  cochlea  ;  the  other,  piercing  the 
posterior  half  of  the  lamina,  enters  the  vestibule  of  the  internal  ear.  The 
distribution  of  these  branches  will  be  described  with  the  ear. 


EIGHTH  PAIR  OF  NERYES. 

The  eighth  parr  is  composed  of  three  distinct  nerves — the  glosso-pharyngeal, 
pneumo-gastric  and  spinal-accessory,  which  leave  the  skull  through  the 
anterior  and  inner  division  of  the  foramen  lacerum  posticum,  to  the  inner 
side  and  in  front  of  the  internal  jugular  vein.  Two  of  these  nerves,  the 
glosso-pharyngeal  and  pneumo-gastric,  are  attached  to  the  medulla  oblongata 
in  the  same  line,  and  resemble  one  another  somewhat  in  their  distribution, 
for  both  are  distributed  to  the  first  part  of  the  alimentary  canal.  The  other, 
the  spinal-accessory,  takes  its  origin  chiefly  from  the  spinal  cord,  and  is 
mainly  distributed  to  muscles  ;  but  it  gives  fibres  to  the  first  two  nerves  by 
its  communicating  branch. 

GLOSSO-PHARYNGEAL  NERYE. 

The  glosso-pharyngeal  nerve  is  destined,  as  the  name  implies,  for  the 
tongue  and  pharynx.  Directed  outwards  from  its  place  of  origin  over  tlie 
flocculus  to  the  foramen  jugulare,  it  leaves  the  skull  with  the  pneumo-gastric 
and  spinal-accessory  nerves,  but  in  a  separate  tube  of  dura  mater.  In  passing 
through  the  foramen,  somewhat  in  front  of  the  others,  this  nerve  is 
contained  in  a  groove,  or  in  a  canal  in  the  lower  border  of  the  petrous 
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portion  of  the  temporal  bone,  and  presents,  successively,  two  KancUonic 
enlargements,— the  jugular  ganglion,  and  the  petrous  ganglion 
_   After  leavDig  the  skull,  the  glosso-pharyngeal  nerve  appears  between  the 
internal  carotid  artery  and  the  jugular  vein,  and  is  directed  downwards  over 
the  carotid  artery  and  beneath  the  styloid  process  and  the  muscles  con- 
nected With  it,  to  the  lower  border  of  the  stylo-pharyngeus  muscle.  Here 
changing  its  direction,  the  nerve  curves  inwards  to  the  tongue,  on  the 
stylo-pharyngeus  and  the  middle  constrictor  muscle  of  the  pharynx,  above 
the  upper  laryngeal  nerve  ;  and,  passing  beneath  the  hyo  glossus  muscle 
ends  in  branches  for  the  pharynx,  the  tonsil,  and  the  tongue.  ' 

Fig.  414.  Fig.  414.— DrAQRAMMATic  Sketch 

from  behind  op  the  koots  of  the 
Nerves  of  the  Eighth  Pair,  with 
THEIR  Ganglia  and  Gommonica- 
TiONS  (from  Bendz;. 

A,  part  of  the  cerebellum  above  the 
fourth  ventricle;  B,  medulla  oblon- 
gata ;  C,  posterior  columns  of  the  spinal 
cord  ;  1,  root  of  the  glosso-pharyngeal 
uerve  ;  2,  roots  of  the  pneumo-gastric ; 

3,  3,  3,  roots  of  the  spinal  accessory, 
the  uppermost  number  indicating  the 
filaments  intermediate  between  the 
spinal  accessory  and  pneumo-gastric  ; 

4,  jugular  ganglion  of  the  glosso-pha- 
ryngeal ;  5,  petrous  ganglion  ;  6, 
tympanic  branch  ;  7,  ganglion  of  the 
root  of  the  pneumo-gastric;  8,  auricu- 
lar branch  ;  9,  long  ganglion  on  the 
trunk  of  the  pneumo-gastric ;  10, 
branch  from  the  upper  ganglion  to  the 
petrous  ganglion  of  the  glosso-pharyn- 
geal ;  11,  inner  portion  of  the  spinal 
accessory  ;  12,  outer  portion ;  13, 
pharyngeal  branch  of  the  pneumo- 
gastric  ;  1 4,  superior  laryngeal  branch ; 

15,  twigs  connected  with  the  sympathetic  ;  16,  fasciculus  of  the  spinal  accessory  prolonged 
with  the  pneumo-gastric. 

The  jugular  ganglion,  the  smaller  of  the  two  ganglia  of  the  glosso- 
pharyngeal nerve,  is  situated  at  the  upper  part  of  the  osseous  groove  in 
which  the  nerve  is  laid  during  its  passage  through  the  jugular  foramen. 
Its  length  is  from  half  a  line  to  a  line,  and  the  breadth  from  half  to  three 
fourths  of  a  line.  It  is  placed  on  the  outer  side  of  the  trunk  of  the  nerve, 
and  involves  only  a  part  of  the  fibres, — a  small  fasciculus  passing  over  the 
ganglion,  and  joining  the  nerve  below  it. 

The  petrous  ganglion  is  contained  in  a  hollow  in  the  lower  border  of  the 
petrous  part  of  the  temporal  bone  (receptaculum  ganglioli  petrosi),  and 
measures  about  three  lines  in  length.  This  ganglion  includes  all  the  fila- 
ments of  the  nerve,  and  resembles  the  ganghform  enlargement  of  the  facial 
nerve.  From  it  arise  the  small  branches  by  which  the  glosso-pharyngeal  is 
conjiected  with  other  nerves  at  the  base  of  the  skull  :  these  are  the  tympanic 
nerve,  and  the  branches  which  join  the  pneumo-gastric  and  sympathetic. 

CONNECTING  BRANCHES,  AND  TYMPANIC  BRANCH. 

From  the  petrous  ganglion  spring  three  small  connecting  filaments.  One  passes 
to  the  auricular  branch  of  the  pneumo-gastric,  one  to  the  upper  ganglion  of  the  sym- 
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pathetic,  or  vice  vernA,  and  a  third  to  the  ganglion  of  the  root  of  the  pneumo-gastric 
nerve.    The  last  is  not  constant.  ,   ,  .  , 

There  is  sometimes  likewi.sc  a  filament  from  the  digastric  branch  of  the  facial  nerve, 
which,  piercing  the  digastric  muscle,  joins  the  glosso-pharyngeal  nerve  below  the 
petrous  ganglion. 

The  tympanic  branch  (nerve  of  Jacobson),  arises  from  the  petrous  ganglion,  and  is 
conducted  to  the  tympanum  by  a  special  canal,  the  orifice  of  which  is  in  the  ridge  of 
bone  between  the  jugular  fossa  and  the  carotid  foramen.  On  the  inner  wall  of  the 
tympanum  the  nerve  joins  with  a  twig  from  the  sympathetic  in  a  plexus  (tym- 
panic), and  distributes  filaments  to  the  membrane  lining  the  tympanum  and  the 
Eustachian  tube,  as  well  as  one  to  the  fenestra  rotunda,  and  another  to  the  fenestra 
ovalis. 


Fig.  415. 


Fig.  415.— Sketch  op  the  Ttmpanio 
Branch  op  the  Glosso-Phartn- 
GEAL  Nerve,  and  its  Connections 
(from  Breschet). 

A,  squamous  part  of  the  left  tem- 
poral bone  ;  B,  petrous  part ;  C,  in- 
ferior maxillary  nerve ;  D,  internal 
carotid  artery  ;  a,  tensor  tympani 
muscle ;  1,  carotid  plexus ;  2,  otic 
ganglion ;  3,  glosso-pharyngeal  nerve ; 
4,  tympanic  nerve ;  5,  twigs  to  the 
carotid  plexus  ;  6,  twig  to  fenestra 
rotunda ;  7,  twig  to  fenestra  ovalis ; 
8,  junction  with  the  large  superficial 
petrosal  nerve  ;  9,  small  superficial 
petrosal ;  10,  twig  to  the  tensor  tym- 
pani muscle ;  11,  facial  nerve  ;  12, 
chorda  tympani ;  1 3,  petrous  ganglion 
of  the  glosso-pharyngeal ;  14,  twig  to 
the  membrane  of  the  Eustachian  tube. 


From  the  tympanic  nerve  are 
given  three  connecting  branches, 
by  which  it  communicates  with 
other  nerves;  and  which  occupy 
channels  given  oflf  from  the  osseous 

canal  through  which  the  nerve  enters  the  tympanum.  One  branch  enters  the  carotid 
canal  and  joins  with  the  sympathetic  on  the  carotid  artery.  A  second  is  united  to 
the  large  superficial  petrosal  nerve,  as  this  lies  in  the  hiatus  Fallopii.  And  the 
third  is  directed  upwards,  beneath  the  canal  for  the  tensor  tympani  muscle,  towards 
the  surface  of  the  petrous  portion  of  the  temporal  bone,  where  it  becomes  the  small 
petrosal  nerve ;  and  under  this  name  it  is  continued  to  the  exterior  of  the  skull 
through  a  small  aperture  in  the  sphenoid  and  temporal  bones,  to  end  in  the  otic 
ganglion.  As  this  petrosal  nerve  passes  the  gangliform  enlargement  of  the  facial,  it 
has  a  connecting  filament  with  that  enlargement,  which  is  by  some  considered  ita 
principal  posterior  termination. 

Jacobson  described  an  anterior  or  internal  branch  from  the  tympanic  nerve  to  the 
spheno-palatine  ganglion. 

BRANCHES  DISTRIBUTED  IN  THE  NECK. 

The  carotid  branches  course  along  the  internal  carotid  artery,  and  unite  with  the 
pharyngeal  branch  of  the  pneumo-gastric,  and  with  branches  of  the  sympathetic. 

The  pharyngeal  branches,  three  or  four  in  number,  unite  opposite  the  middle  con- 
strictor of  the  pharynx  with  branches  of  the  pneumo-gastric  and  sympathetic  to  form 
the  pharyngeal  plexus.  Nerves  to  the  mucous  membrane  of  the  pharynx  perforate 
the  muscles,  and  extend  upwards  to  the  base  of  the  tongue  and  the  epiglottis,  and 
downwards  nearly  to  the  hyoid  bone. 
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The  vm3cular  branches  are  given  to  the  stylo-pharyngeus  and  consbrictor 
muscles. 

Tonsillitic  branches.— Whan  the  glosso-phar.vngeal  nerve  is  near  tlie  tonsil,  some 
branches  are  distributed  on  that  body  in  a  kind  of  plexus  (circulus  tonsillaris).  Prom 
these  nerves  offsets  are  sent  to  the  soft  palate  and  tiio  isthmus  of  the  fauces. 

Lingual  branches.— The  glosso-pharyngeal  nerve  divides  into  two  parts  at  the 
border  of  the  tongue.  One  turns  to  the  upper  surface  of  the  tongue,  supplying  the 
mucous  membrane  at  its  base ;  the  other  perforates  the  muscular  structure,  and  ends 
in  the  mucous  membrane  on  the  lateral  part  of  the  tongue.  Some  filaments  eater 
the  circumvallate  papillae. 

Summary. — The  glosso-pliaryngeal  nerve  distributes  branches  to  the 
mucous  membrane  of  the  tongue,  pharynx,  tympanum  and  Eustachian  tube. 
The  muscles  supplied  by  it  are  some  of  those  of  the  pharynx  and  base  of  the 
tongue.  It  is  connected  with  the  following  nerves,  viz.,  the  lower  maxillary 
division  of  the  fifth,  the  facial,  the  pneumo-gastric  (the  trunk  and  branches 
of  this  nerve),  and  the  sympathetic. 

PNEUMO-GASTRIO  NERVE. 

The  pneumo-gastric  nerve  (nervus  vagus,  par  vagum)  has  the  longest 
course  of  any  of  the  cranial  nerves.  It  extends  through  the  neck  and  the 
cavity  of  the  chest  to  the  upper  part  of  the  abdomen  ;  and  it  supplies  nerves 
to  the  organs  of  voice  and  respiration,  to  the  alimentary  canal  as  far  as  the 
stomach,  and  to  the  heart. 

The  filaments  by  which  this  nerve  springs  from  the  medulla  oblongata 
are  arranged  in  a  flat  fasciculus,  immediately  beneath  the  glosso-pharyngeal 
nerve,  and  directed  outwards  with  that  nerve,  across  the  flocculus  to  the 
jugular  foramen. 

In  passing  through  the  opening  at  the  base  of  the  skull  the  pneumo- 
gastric  nerve  is  contained  in  the  same  sheath  of  dura  mater,  and  surrounded 
by  the  same  tube  of  arachnoid  membrane  as  the  spinal-accessory  nerve  ;  but 
it  is  separated  from  the  glosso-pharyngeal  nerve  by  a  process  of  membrane. 
In  the  foramen  the  filaments  of  the  nerve  become  aggregated  together  ;  and 
it  here  presents  a  ganglionic  enlargement,  distinguished  as  the  gancjlion  of 
the  root  of  the  pneumo-gastric.  After  its  passage  through  the  foramen,  it 
is  joined  by  the  accessory  part  of  the  spinal-accessory  nerve,  and  a  second 
ganglion  is  formed  upon  it,  the  ganglion  of  the  trunk  of  the  nerve.  Several 
communications  are  at  the  same  time  established  with  the  surrounding 
nerves. 

The  upper  ganglion,  or  ganglion  of  the  root  of  the  pneumo-gastric  nerve, 
situated  in  the  foramen  jugulare,  is  of  a  greyish  colour,  nearly  spherical,  and 
about  two  lines  in  diameter  ;  it  has  filaments  connecting  it  with  other  nerves, 
viz.,  with  the  facial,  the  petrous  ganglion  of  the  glosso-pharyngeal,  the 
spinal-accessory,  and  the  sympathetic. 

The  lower  ganglion,  or  ganglion  of  the  trunk  of  the  pneumo-gastric  nerve, 
is  about  half  an  inch  below  the  preceding.  Occupying  the  trunk  of  the 
nerve  outside  the  skull,  it  is  of  a  flattened  cylindrical  form  and  reddish 
colour,  and  measures  about  ten  lines  in  length  and  two  in  breadth.  The 
ganglion  does  not  include  all  the  fibres  of  the  nerve  ;  the  fasciculus,  which 
is  sent  from  the  spinal-accessory  to  join  the  vagus,  is  the  part  not  in- 
volved in  the  ganglionic  substance.  It  communicates  with  the  hypoglossal, 
the  spinal  and  the  sympathetic  nerves. 

The  pneumo-gJisfcric  nerve  descends  in  the  neck,  between  and  concealed 
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by  the  iuternal  jugular  vein  and  the  internal  carotid  artery,  and  afterwards 
similarly  between  that  vein  and  the  common  carotid  artery,  being  enclosed 
along  with  them  ia  the  sheath  of  the  vessels.     As  they  enter  the  thorax 
the  nerves  of  the  right  and  left  bide  present  some  points  of  diflerence. 

T,  Fig.  416. 

Fig.  416.— Diagram  op  tub  Roots 
AND  Anastomusinq  Brancuks  o» 
TUB  Nerves  of  the  EiQuin  Pair 
AND  Nkigubuurinq  Nerves  (from 
Sappey  after  llirsclifeld  and  Le- 
veill6). 

1,  facial  nerve  ;  2,  glosso-pharyn- 
geal  with  the  petrous  ganglion  repre- 
sented ;  2',  connection  of  the  digastric 
blanch  of  the  facial  nerve  with  the 
glosso-pharyngeal    nerve ;   3,  pneu- 
mo-gastric,  with  both  its  ganglia  re- 
presented ;   4,  spinal  accessory  ;  5, 
hypoglossal  ;    6,    superior  cervical 
ganglion  of  the  sympathetic ;  7,  loop  of 
union  between  the  two  first  cervical 
nerves ;  8,  carotid  branch  of  the  sym- 
pathetic ;  9,  nerve  of  Jacob.'^on  (tym- 
panic), given  off  from  the  petrous 
ganglion  ;  10,  its  filaments  to  the 
sympathetic ;  11,  twig  to  the  Eusta- 
chian tube;  12,  twig  to  the  fenestra 
ovalis  ;  13,  twig  to  the  fenestra  ro- 
tunda ;  14,  twig  of  union  with  the 
small  superficial  petrosal ;  1 5,  twig  of 
union  with  the  large  superficial  petro- 
sal;  16,  otic  ganglion  ;  17,  branch  of 
the  jugular  fosaa,  giving  a  filament  to 
the   petrous    ganglion  ;    18,  union 
of  the  spinal  accessory  with  the  pueu- 
mo-gastric  ;  19,  union  of  the  hypo- 
glossal with  the  first  cervical  nerve; 
20,  union  between  the  sterno-mastoid 
branch  of  the  spinal  accessory  and 
that  of  the  second  cervical  nerve  ;  21, 

pharyngeal  plexus;  22,  superior  laryngeal  nerve;  23,  external  laryngeal;  24,  middle 
cervical  ganglion  of  the  sympathetic. 

On  the  right  side  the  nerve  crosses  over  the  first  part  of  the  right  sub- 
clavian artery,  at  the  root  of  the  neck,  and  its  recurrent  laryngeal  branch 
turns  backwards  and  upwards  round  that  vessel.  The  nerve  then  enters 
the  thorax  behind  the  right  innominate  vein,  and  descends  on  the  side  of  the 
trachea  to  the  back  of  the  root  of  the  lung,  where  it  spreads  out  in  the  pos- 
terior pulmonary  plexus.  It  emerges  from  this  plexus  in  the  form  of  two 
cords,  which  are  directed  to  the  oesophagus,  and  uniting  and  subdividing 
form,  with  similar  branches  of  the  nerve  of  the  left  side,  the  oesophageal 
plexus.  Near  the  lower  part  of  the  oesophagus  the  branches,  which  have 
thus  interchanged  fibres  with  the  nerve  of  the  left  side,  are  gathered 
again  into  a  single  trunk,  which,  descending  on  the  back  of  the  oesophagus, 
is  spread  out  on  the  posterior  or  inferior  surface  of  the  stomach. 

On  the  left  side  the  pneumo-gastric  nerve,  entering  the  thorax  between 
the  left  carotid  and  subclavian  arteries  and  behind  the  left  innominate  vein, 
lies  further  forwards  than  the  right  nerve,  and  crosses  over  the  arch  of  the 
aorta,  while  its  recurrent  laryngeal  branch  turns  up  behind  the  arch.  It 
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then  passes  bohin<l  the  root  of  the  left  lung,  and,  emerging  from  the 
posterior  pulmonary  plexus,  is  distributed  like  its  fellow  to  the  cesophagus. 


Fig.  417. 


Fig.  417. — View  of  the  Nertes  op  the  Eiohth  Pair,  their  Distribution  and 
CoNNKonoNS  ON  THE  Lbpt  Sidb  (froiu  Sappey  after  Hlrschfeld  and  Leveille).  -| 

1,  pneumo-gastric  nerve  in  the  neck ;  2,  ganglion  of  its  trunk  ;  3,  its  union  ■with  the 
spinal  accessory  ;  4,  its  union  with  the  hypoglossal ;  5,  pharyngeal  branch  ;  6,  superior 
laryngeal  nerve ;  7,  external  laryngeal ;  8,  laryngeal  plexus ;  9,  inferior  or  recur- 
rent laryngeal;  10,  superior  cardiac  branch;  11,  middle  cardiac  ;  12,  plexiform  part 
of  the  nerve  in  the  thorax  ;  13,  posterior  pulmonary  plexus ;  14,  lingual  or  gustatory 
nerve  of  the  inferior  maxillary  ;  1.5,  hypoglossal,  passing  into  the  muscles  of  the  tongue, 
giving  its  thyro-hyoid  branch,  and  uniting  with  twigs  of  the  lingual ;  16,  glosso-pharyngeal 
nerve  ;  17,  spinal  accessory  nerve,  uniting  by  its  inner  branch  with  the  pneumo-gastric, 
and  by  its  outer,  passing  into  the  sterno-mastoid  muscle  ;  13,  second  cervical  nerve  ;  19, 
third  ;  20,  fourth  ;  21,  origin  of  the  phrenic  nerve  ;  22,  23,  fifth,  sixth,  seventh,  and 
eighth  cervical  nerves,  forming  with  the  first  dorsal  the  brachial  plexus  ;  24,  superior 
cervical  ganglion  of  the  sympathetic  ;  25,  middle  cervical  ganglion  ;  26,  inferior  cervical 
ganglion  united  with  the  first  dorsal  ganglion  ;  27,  28,  29,  30,  second,  third,  fourth,  and 
fifth  dorsal  ganglia. 
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Inferiorly,  it  forms  a  single  trunk  iu  front  of  the  oesophagus,  and  is  spread 
out  on  the  anterior  or  superior  surface  of  the  stomach. 

There  are  various  circumstances  ia  the  distribution  of  the  pncumo  gastric  nerves 
which  at  fii-st  sight  appear  anomalous,  but  which  are  explained  by  reference 
to  the  process  of  development.  The  recurrent  direction  of  the  inferior  laryngeal 
branches  in  all  probability  arises  from  the  extreme  shortness  or  rather  absence  of  the 
neck  in  the  embryo  at  first,  and  from  the  branchial  arterial  arches  having  originally 
occupied  a  position  at  a  higher  level  than  the  parts  in  which  those  branches  are 
ultimately  distributed,  and  having  dragged  them  down  as  it  were  in  the  descent  of 
the  heart  from  the  neck  to  the  thorax.  The  recurrent  direction  may  therefore  be 
accepted  as  evidence  of  the  development  of  those  nerves  before  the  occurrence  of 
that  descent.  The  circumstance  that  one  recurrent  laryngeal  nerve  passes  round  the 
subclavian  artery,  and  the  other  round  the  aorta,  is  seen  to  arise  from  an  originally 
symmetrical  disposition,  when  it  is  remembered  that  the  innominate  artery  and  the 
arch  of  the  aorta  are  derived  from  corresponding  arches  of  the  right  and  left  sides. 
The  supply  of  the  back  of  the  stomach  by  the  right  pneumo-gastric  nerve,  and  the 
front  by  the  left  nerve,  is  connected  with  the  originally  symmetrical  conditiori  of  the 
alimentary  canal,  and  the  turning  over  of  the  stomach  on  its  right  side  in  its  sub- 
sequent growth. 

BKAlfCHES  OF  THE  PNEUMO-GASTKIC  NERVE. 

Some  of  its  branches  serve  to  connect  the  pneumo-gastric  -with  other 
nerves,  and  others  ar.e  distributed  to  the  muscular  substance  or  the  mucous 
lining  of  the  organs  which  the  nerve  supplies.  The  principal  con- 
necting branches  of  this  nerve  are  derived  from  the  ganglia.  In  the 
different  stages  of  its  course  branches  are  supplied  to  various  organs  as 
follows  : — In  the  jugular  foramen,  a  branch  is  given  to  the  ear  ;  in  the  neck 
branches  are  furnished  successively  to  the  pharynx,  the  larynx,  and  the 
heart ;  and  in  the  thorax  additional  branches  are  distributed  to  the  heart, 
as  well  as  to  the  lungs  and  the  oesophagus.  Terminal  branches  in  the 
abdomen  are  distributed  to  the  stomach,  liver,  and  other  organs. 

CONNECTING  BRANCHES  AND  AURICTILAK  BRANCH. 

Connections  heiween  the  iij)per  ganglion  of  the  vagus  nerve  and  the  spinal-accessory, 
glossopharyngeal,  and  sympathetic  nerves. — The  connection  with  the  spinal-accessory 
is  effected  by  one  or  two  filaments.  The  filament  to  the  petrous  ganglion  of  the 
glosso-pharyngeal  is  directed  transversely ;  it  is  not  always  present.  The  communi- 
cation with  the  sympathetic  is  established  by  means  of  the  ascending  branch  of  the 
upper  cervical  ganglion. 

The  auricular  branch  is  continued  to  the  outer  ear.  Arising  from  the  ganglion  of 
the  root,  this  branch  is  joined  by  a  filament  from  the  glosso-pharyngeal  nerve,  and 
then  turns  backwards  along  the  outer  boundary  of  the  jugular  foramen  to  an  opening 
near  the  styloid  process.  Next,  it  traverses  the  substance  of  the  temporal  bone, 
crossing  the  aqueduct  of  Fallopius,  about  two  lines  from  the  lower  end,  and,  reaching 
the  surface  between  the  mastoid  process  and  the  external  auditory  meatus,  is  distri- 
buted to  the  integument  of  the  back  of  the  ear.  On  the  surface  it  joins  with  a  twig 
from  the  posterior  auricular  branch  of  the  facial  nerve. 

Connections  of  the  second  ganglion  with  the  hypoglossal,  sympathetic,  and  S2n7ial 
nerre«.— This  ganglion  is  connected  by  filaments  with  the  trunk  of  the  hypoglossal, 
with  the  upper  cervical  ganglion  of  tlLe.  sympathetic,  and  with  the  loop  formed  be- 
tween the  first  two  cervical  nerves. 

PHARYNGEAL  BRANCH. 

The  pharyngeal  branch  arises  from  the  upper  part  of  the  ganglion  of  the 
trunk  of  the  nerve.  In  its  progress  inwards  to  the  pharynx  this  nerve 
crosses,  iu  some  cases  over,  in  others  under  the  internal  carotid  artery  ;  and 
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it  divides  into  branches  which,  conjointly  with  others  derived  from  the 
glosso-pharyngeal,  the  superior  laryngeal,  and  the  sympathetic  nerves,  form 
a  plexus  {phary7igeal)  behind  the  middle  constrictor  of  the  pharynx.  From 
the  plexus  branches  are  given  to  the  muscular  structure,  and  to  the  mucous 
membraaie  of  the  pharynx.  As  the  pharyngeal  nerve  crosses  the  carotid 
artery,  it  joins  filaments  which  the  glosso-pTiaryngeal  distributes  on  the  same 
vessel. — There  is  sometimes  a  second  pharyngeal  branch. 

SUPERIOR  LARYNGEAL  BRANCH. 

This  nerve  springs  from  the  middle  of  the  ganglion  of  the  trunk  of  the 
pneumo-gaatric  nerve.  It  is  directed  inwards  to  the  larynx  beneath  the 
internal  carotid  artery,  and  divides  beneath  that  vessel  into  two  branches, 
distinguished  as  external  and  internal  laryngeal,  both  of  which  ramify  in 
the  structures  of  the  larynx. 

The  external  laryngeal  branch,  the  smaller  of  the  two  divisions,  gives 
backwards,  at  the  side  of  the  pharynx,  filaments  to  the  pharyngeal  plexus 
and  the  lower  constrictor  muscle  ;  and  it  is  finally  prolonged  beneath  the 
muscles  on  the  side  of  the  larynx  to  the  crico-thyroid  muscle  in  which  it 
ends.  In  the  neck  this  branch  joins  the  upper  cardiac  nerve  of  the 
sympathetic. 

The  internal  laryngeal  branch  is  continued  to  the  interval  between  the 
hyoid  bone  and  the  thyroid  cartilage,  where  it  perforates  the  thyro-hyoid 
membrane  with  the  laryngeal  branch  of  the  superior  thyroid  artery,  and  dis- 
tributes filaments  to  the  mucous  membrane  :  some  of  these  are  directed  up- 
wards in  the  aryteno-epiglottidean  fold  of  mucous  membrane  to  the  base  of  the 
tongue,  the  epiglottis,  and  the  epiglottidean  glands ;  while  others  are  reflected 
downwards  in  the  lining  membrane  of  the  larynx,  extending  to  the  chorda 
vocalis,  on  the  inner  side  of  the  laryngeal  pouch.  A  slender  communicating 
branch  to  the  recurrent  laryngeal  nerve  descends  beneath  the  lateral  part  of 
the  thyroid  cartilage.  A  branch  enters  the  arytenoid  muscle,  some  fila- 
ments of  which  seem  to  end  in  the  muscle,  while  others  proceed  through  it 
to  the  mucous  membrane. 

KECITRfiENT  LAETNGBAl  BRANCH. 

recurrent  or  inferior  laryngeal  branch  of  the  vagus  nerve,  as  the 
name  expresses,  has  a  reflex  course  to  the  larynx. 

The  nerve  on  the  right  side  arises  at  the  top  of  the  thorax,  winds  round 
the  subclavian  artery,  and  passes  beneath  the  common  carotid  and  inferior 
thyroid  arteries  in  its  course  towards  the  trachea.  On  the  left  side  the  re- 
current nerve  is  bent  round,  below  and  behind,  the  arch  of  the  aorta,  imme- 
diately beyond  the  point  where  the  obliterated  ductus  arteriosus  is  con- 
nected with  the  arch,  and  is  thence  continued  upwards  to  the  trachea. 

Each  nerve  in  its  course  to  the  larynx  is  placed  between  the  trachea  and 
oesophagus,  supplying  branches  to  both  tubes  ;  and  each,  while  making  its 
turn  round  the  artery,  gives  nerves  to  the  deep  cardiac  plexus.  At  the 
lower  part  of  the  cricoid  cartilage  the  recurrent  nerve  distributes  branches 
to  supply  all  the  special  muscles  of  the  larynx,  except  the  crico-thyroid 
muscle,  which  is  supplied  from  the  upper  laryngeal  nerve.  It  likewise 
gives  a  few  ofiiaets  to  the  mucous  membrane,  and  a  single  communicating 
filament,  which  joins  the  long  branch  of  the  upper  laryngeal  nerve  beneath 
the  side  of  the  thyroid  cartilage. 
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CARDIAC  BRANCHES. 

Branclies  to  the  heart  are  given  off  bj'  the  pneumo-gastric  nerve  both  in 
the  neck  and  in  the  thorax. 

The  cervical  cardiac  branches  arise  at  both  the  upper  and  the  lower  part 
of  the  neck.  The  ayyjer  branches  are  small,  and  join  the  cardiac  nerves  of 
the  sympathetic.  The  lower,  a  single  branch,  arises  as  the  pneumo-gastric 
Jierve  is  about  to  enTer  the  chest.  On  the  riglit  side  this  branch  lies  by  the 
side  of  the  innominate  artery,  and  joins  one  of  the  cardiac  nerves  destined 
for  the  deep  cardiac  plexus  ;  it  gives  some  filaments  to  the  coats  of  the 
aorta.  The  branch  of  the  left  side  crosses  the  arch  of  the  aorta,  and  ends 
in  the  superficial  cardiac  plexus. 

The  thoracic  cardiac  branches  of  the  right  side  leave  the  trunk  of  the 
pneumo-gastric  as  tliis  nerve  lies  by  the  side  of  the  trachea,  and  some 
are  also  derived  from  the  first  part  of  the  recurrent  branch  :  they  pass 
inwards  on  the  air-tube,  and  end  in  the  deep  cardiac  plexus.  The 
corresponding  branches  of  the  left  side  come  from  the  left  recurrent 
laryngeal  nerve. 

PULMONARY  BEANCHE3. 

Two  sets  of  pulmonary  branches  are  distributed  from  the  pneumo-gastric 
nerve  to  the  lung  ;  and  they  reach  the  root  of  the  lung,  one  on  its  fore  part, 
the  other  on  its  posterior  aspect.  The  anterior  pulmonary  nerves,  two  or 
three  in  number,  are  of  small  size.  They  join  with  filaments  of  the 
sympathetic  ramified  on  the  pulmonary  artery,  and  with  these  nerves 
constitute  the  anterior  pulmonary  plexus.  Behind  the  root  of  the  lung  the 
pneumo-gastric  nerve  becomes  flattened,  and  gives  several  branches  of  much 
larger  size  than  the  anterior  branches,  which,  with  filaments  derived  from 
the  second,  third,  and  fourth  thoracic  ganglia  of  the  sympathetic,  form  the 
posterior  pulmonary  plexus.  Ofi'sets  from  this  plexus  extend  along  the  rami- 
fications of  the  air-tube  through  the  substance  of  the  lung. 

CESOPHAGEAL  BRANCHES. 

The  oesophagus  within  the  thorax  receives  branches  from  the  pneumo- 
gastric  nerves,  both  above  and  below- the  pulmonary  branches.  The  lower 
branches  are  the  larger,  and  are  derived  from  the  oesophageal  plexus,  formed 
by  connecting  cords  between  the  nerves  of  the  right  and  left  sides,  while 
they  lie  in  contact  with  the  oesophagus. 

GASTRIC  BRANCHES. 

The  branches  distributed  to  the  stomach  (gastric  nerves)  are  the  terminal 
branches  of  both  pneumo-gastric  nerves.  The  nerve  of  the  left  side,  on 
arriving  in  front  of  the  oesophagus,  opposite  the  cardiac  orifice  of  the 
stomach,  divides  into  many  branches  :  the  largest  of  these  extend  over  the  fore 
part  of  the  stomach  ;  others  lie  along  its  small  curvature,  and  unite  with 
branches  of  the  right  nerve  and  the  sympathetic  ;  and  some  filaments  are 
continued  between  the  layers  of  the  small  omentum  to  the  hepatic  plexus. 
The  right  pneumo-gastric  nerve  descends  to  the  stomach  on  the  back  of  the 
gullet  and  distributes  branches  to  the  posterior  surface  of  the  organ  :  a  part 
of  this  nerve  is  continued  from  the  stomach  to  the  left  side  of  the  cceliac 
plexus,  and  to  the  splenic  plexus  of  the  sympathetic. 

Summary. —The  pneumo-gastric  nerves  supply  branches  to  the  upper  part 
of  the  alimentary  canal,  viz.,  the  pharynx,  oesophagus,  and  stomach  with 
the  hver  and  spleen ;  and  to  the  respiratory  passages,  namely,  the  larynx, 
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Fig.  418.— ViKW  OP  THE  Distribution  and  Connections  op  the  PNEnMO-oASTRio  and 
SvMPATHETio  Nekves  ON  THE  RioiiT  SiDE  (from  Hirsclifeld  aud  Leveille).  % 
a,  lachrymal  gland;  b,  sublinguul  gland;  c,  submaxillary  gland  and  facial  artery; 
d,  thyroid  gland,  pulled  forwards  by  a  hook  ;  e,  trachea,  below  which  is  the  right 
bronchus  cut  across  ;  /,  the  gullet ;  [/,  the  stomach,  divided  near  the  pylorus  ;  i,  trans- 
verse colon,  with  some  folds  of  intestine  below. 

Aj.  heart,  slightly  turned  aside  to  show  the  cardiac  plexus,  &c.  ;  B,  aortic  arch,  drawn 
forward  by  a  hook  ;  C,  innominate  artery  ;  D,  subclavian  artery,  of  which  a  portion  has 
been  removed  to  show  the  sympathetic  ganglia  ;  E,  inferior  thyroid  artery  ;  F,  a  divided 
part  of  the  external  carotid  artery,  upon  which  runs  a  nervous  plexus  ;  G,  internal 
carotid  emerging  from  its  canal  superiorly;  H,  thoracic  aorta;  K,  intercostal  vein;  L,  pul- 
monary trunk,  the  right  branch  cut ;  M,  superior  vena  cava  ;  0,  intercostal  artery. 

1,  ciliary  nerves  of  the  eyeball ;  2,  branch  of  the  oculo-motor  to  the  inferior  oblique 
muscle,  connected  with  the  ophthalmic  ganglion ;  3,  3,  3,  the  three  principal  divisions  of 
the  trifacial  nerve  ;  4,  ophthalmic  ganglion  ;  5,  spheno-palatine  ;  6,  otic;  7,  submaxillary  ; 
8,  sublingual ;  9,  sixth  nerve  ;  10,  facial  in  its  canal,  uniting  -with  the  spheno-palatine 
and  otic  ganglia;  11,  glosso-pharyngeal  ;  12,  right  pneumo-gastric ;  13,  left  pneumo- 
gastric  spreading  on  the  anterior  surface  of  the  stomach  ;  14,  spinal  accessory  ;  lf>,  hypo- 
glossal;  16,  upper  nerve  of  the  cervical  plexus;  17,  middle  nerve  of  the  brachial 
plexus ;  18,  intercostal  nerves ;  21,  superior  cervical  ganglion  of  the  sympathetic,  con- 
nected with,  22,  tympanic  nerve  of  Jacobson  ;  23,  carotid  branch  of  the  Vidian  nerve ; 
24,  cavernous  plexus;  25,  ophthalmic  twig;  26,  filament  to  the  pituitary  gland;  27, 
union  with  the  upper  cervical  nerves  ;  28,  points  to  the  pneumo-gastric  nerve,  close  to 
the  pharyngeal  and  carotid  branches ;  29,  points  to  the  superior  laryngeal  nerve,  close 
to  the  pharyngeal  and  inter-carotid  plexuses  ;  30,  laryngeal  branch  joining  the  laryngeal 
plexus ;  31,_great  sympathetic  nerve  ;  32,  superior  cardiac  nerve ;  33,  middle  cervical 
ganglion  ;  34,  twig  connecting  the  ganglion  with,  35,  the  recurrent ;  36,  middle  cardiac 
nerve  ;  37,  great  sympathetic  nerve  ;  38,  inferior  cervical  ganglion  ;  below  37,  branches 
from  the  ganglion,  passing  round  the  subclavian  and  vertebral  arteries  ;  39,  the  line  from 
this  number  crosses  the  nerves  proceeding  from  the  brachial  plexus ;  40,  sympathetic 
twigs  surrounding  the  axillary  artery  ;  41,  branch  of  union  with  the  first  intercostal 
nerve  ;  the  line  from  the  letter  e,  pointing  to  the  trachea,  crosses  the  superior,  middle, 
and  inferior  cardiac  nerves  ;  42,  cardiac  plexus  and  ganglion  ;  43,  44,  right  and  left 'coro- 
nary plexuses ;  45,  46,  thoracic  portion  of  the  great  sympathetic  nerve  and  ganglia,  showing 
their  connections  with  the  intercostal  nerves  ;  47,  great  splanchnic  nerve ;  48,  semilunar 
ganglion  ;  49,  lesser  splanchnic  ;  60,  solar  plexus ;  51,  union  with  the  pneumo-gastric 
nerve  ;  52,  diaphragmatic  plexus  and  ganglion ;  53,  coronary  plexus ;  54,  hepaiic  ;  55, 
splenic  ;  56,  superior  mesenteric  ;  57,  renal  plexus. 

trachea,  and  its  divisions  in  the  lungs.  These  nerves  give  branches  likewise 
to  the  heart  and  great  vessels  by  means  of  their  communication  with  the 
cardiac  plexus.  Each  pneumo-gastric  nerve  is  connected  with  the  following 
cranial  nerves — the  spinal-accessory,  glosso-pharyngeal,  facial,  and  hypo- 
glossal ;  also,  with  some  spinal  nerves  ;  and  with  the  sympathetic  in  the 
neck,  thorax,  and  abdomen. 


SPINAL-ACCESSORY  NERVE. 

The  spinal  nerve  accessory  to  the  vagus,  or,  as  it  is  shortly  named,  the 
spinal-accessory  nerve,  consists  of  two  parts  :  one  (accessory)  joins  the 
trunk  of  the  pneumo-gastric  ;  the  other  (spinal)  ends  in  branches,  to  the 
sterno-mastoid  and  trapezius  muscles. 

The  internal  or  accessory  part,  the  smaller  of  the  two,  joins  in  the  foramen 
of  exit  the  ganglion  on  the  root  of  the  pneumo-gastric,  by  two  or  three 
filaments  ;  and  having  passed  from  the  skuU,  blends  with  the  trunk  of  the 
pneumo-gastric  beyond  its  second  ganglion,  as  already  said. 

It  18  stated  by  Bendz  that  a  filament  is  given  from  the  spinal-accessory  to  the  pha- 
ryngeal nerve  above  the  place  of  junction  with  the  pneumo-gastric,  and  thatlfibrils  of 
the  same  nerve  have  been  traced  into  each  of  the  muscular  offsets  of  the  pneumo- 
gastric  nerve.    (Bendz,  "  Tract,  de  connexu  inter  nerv.  vag.  et  access.  1836.") 

The  external  portion  of  the  nerve  communicates  with  the  accessory  part 
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ill  the  foramen  jugulare.  After  issuing  from  the  forameu,  the  nerve  is  directed 
backwards  across  the  internal  jugular  vein,  in  some  cases  over,  iu  others  under 
it,  and  perforates  the  sterno-mastoid  muscle,  supplying  this  with  branches, 
and  joining  amongst  the  fleshy  fibres  with  branches  of  the  cervical  plexus! 
Descending  in  the  next  place  across  the  neck  behind  the  sterno-mastoid,  the 
nerve  passes  beneath  the  trapezius  muscle.  Here  it  forms  a  kind  of  plexus 
with  branches  of  the  third  and  fourth  cervical  nerves,  and  distributes  fila- 
ments to  the  trapezius,  which  extend  nearly  to  the  lower  edge  of  the  muscle. 

NINTH  PAIR  OF  NERVES. 

The  hypoglossal  or  ninth  cranial  nerve  is  the  motor  nerve  of  the  tongue, 
and  in  part  of  some  muscles  of  the  neck. 

The  filaments  by  which  this  nerve  arises  from  the  mediilla  oblongata  are 
collected  into  two  bundles,  which  converge  to  the  anterior  condyloid 
foramen  of  the  occipital  bone.  Each  bundle  of  filaments  perforates  the 
dura  mater  separately  within  the  foramen,  and  the  two  are  joined  after 
they  have  passed  through  it. 

After  leaving  the  cranium,  this  nerve  descends  almost  vertically  to  the 
lower  border  of  the  digastric  muscle,  where,  changing  its  course,  it  is 
directed  forwards  above  the  hyoid  bone  to  the  under  part  of  the  tongue. 
It  lies  at  first  very  deeply  with  the  vagus  nerve,  to  which  it  is  connected  ; 
but  passing  between  the  internal  carotid  artery  and  the  jugular  vein,  it 
curves  forward  round  the  occipital  artery,  and  then  crosses  over  the  external 
carotid  below  the  digastric  muscle.  Above  the  hyoid  bone  it  is  crossed  by 
the  lower  part  of  the  stylo-hyoid  muscle  and  posterior  belly  of  the  digastric, 
and  rests  on  the  hyo-glossus  muscle.  At  the  anterior  border  of  the  hyo- 
glossus  it  is  connected  with  the  gustatory  nerve,  and  is  continued  in  the 
fibres  of  the  genio-hyo-glossus  muscle  beneath  the  tongue  to  the  tip, 
distributing  branches  upwards  to  the  muscular  substance. 

The  principal  branches  of  this  nerve  are  distributed  to  the  muscles 
ascending  to  the  larynx  and  hyoid  bone,  and  to  those  of  the  tongue  ;  a  few 
serve  to  connect  it  with  some  of  the  neighbouring  nerves. 

In  animals  the  ninth  nerve  not  unfrequently  possesses  a  posterior  root  furnished 
with  a  ganglion,  in  the  same  manner  as  that  of  a  spinal  nerve. 

CONNECTING  BRANCHES. 

Connection  wWi  the  pneumo-gastric— Close  to  the  skull  the  hypoglossal  nerve  is 
connected  with  the  second  ganglion  of  the  pneumo-gastric  by  separate  filaments,  or 
in  some  instances  the  two  nerves  are  united  so  as  to  form  one  mass. 

Union  with  the  sympathetic  and  first  two  spinal  nerves. —  Opposite  the  first  cervical 
vertebra  the  nerve  communicates  by  several  twigs  with  the  upper  cervical  ganglion 
of  the  sympathetic,  and  with  the  loop  uniting  the  first  two  spinal  nerves  in  front  of 
the  atlas. 

MUSCULAR  AND  LINGUAL  BRANCHES. 

Descending  hranch  of  the  ninth  nerve. — This  branch  (r.  descendens  noni), 
leaves  the  ninth  nerve  where  this  turns  round  the  occipital  artery,  or,  some- 
times, higher  up.  It  passes  downwards  on  the  surface  of  the  sheath  of 
the  carotid  vessels,  gradually  crossing  from  the  outer  to  the  inner  side, 
gives  a  branch  to  the  anterior  belly  of  the  omo-hyoid  muscle,  and  joins 
about  the  middle  of  the  neck  in  a  loop  with  one  or  two  branches  from 
the  second  and  third  cervical  nerves,  forming  the  ansa  hypoglossi.  The 
concavity  of  this  loop  is  turned  upwards  ;  and  the  connection  between 
the  nerves  is  efi"ected  by  means  of  two  or  more  interlacing  filaments,  which 
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enclose  an  irregularly-shaped  space.  From  tins  mterlaceme«t  of  the  nerve  , 
filaments  are  continued  backwards  to  the  posterior  belly  of  tlie  omo-hyo  d, 
and  downwards  to  the  sterno-hyoid  and  sterno-thyroid  muscles.  Occasionally 
a  filament  is  continued  to  the  chest,  where  ii;  joins  the  cardiac  and  phrenic 
nerves. 

Fig  419. 


fig.  419. — View  of  the  Distribution  of  the  Spinal-Acoessort  and  HrpoaLOSSAL 
Nerves  (from  Sappey  after  Hirschfeld  and  Leveille).  ^ 

1,  lingual  nerve  ;  2,  pneumo-gastric  nerve  ;  3,  superior  laryngeal  (represented  too  large) ; 
4,  external  laryngeal  branch  ;  5,  spinal-accessory  ;  6,  second  cervical  ;  7,  third  ;  8, 
fourth  ;  9,  origin  of  the  phrenic  nerve  ;  10,  origin  of  the  branch  to  the  subclavius  muscle  ; 
11,  anterior  thoracic  nerves ;  12,  hypoglossal  nerve  ;  13,  its  descending  branch  ;  14,  com- 
municating branch  from  the  cervical  nerves;  15,  16,  18,  19,  descending  branches  from 
the  plexiform  union  of  these  nerves  to  the  sterno-hyoid,  sterao-thyroid,  and  omo-hyoid 
muscles  ;  17,  branch  from  the  descendens  noni  to  the  upper  belly  of  the  omo-hyoid 
muscle ;  20,  branch  from  the  hypoglossal  nerve  to  the  thyro-hyoid  muscle  ;  21,  communi- 
cating twigs  from  the  hypoglossal  to  the  lingual  nerve  ;  22,  terminal  distribution  of  the 
hypoglossal  to  the  muscles  of  the  tongue. 

It  is  not  uncommon  to  find  the  descending  branch  of  the  ninth  nerve  within  the 
sheath  of  the  large  cervical  vessels,  and  in  such  cases  it  is  placed  either  over  or  under 
the  vein.  This  nerve  in  some  cases  appears  to  be  derived  either  altogether  from  the 
pneumo-gastric,  or  from  both  the  pneumo-gastric  and  hypoglossal  nerves.  There  is 
every  reason,  however,  to  believe  that  these  varieties  in  origin  arc  only  apparent, 
arising  from  the  temporary  adhesion  of  the  filaments  of  this  branch  to  those  of  the 
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pneuino  gastric.  It  m  probable,  moreover,  that  the  descendens  noni  has  little  if  any 
real  origin  from  the  hypoglossal  nerve :  Luschka  states  it  as  the  result  of  numerous 
researches  on  the  human  subject  that  the  descendens  noni  usually  contains  no  fila- 
ments from  the  hypoglossal,  but  is  a  branch  from  the  first  and  second  cervical  tem- 
porarily associated  with  the  ninth  nerve ;  and  this  quite  agrees  with  the  circumstance 
that  in  the  domestic  animals  the  branches  supplied  to  those  muscles  to  which  the 
descendens  noni  of  the  human  subject  is  distributed  come  from  the  cervical  plexus. 

Branches  to  muscles  and  the  tongue.— The  branch  to  the  thyro-hyoid 
miiscle  is  a  separate  twig  given  oflf  from  the  hypoglossal  nerve  as  it 
approaches  the  hyoid  bone.  The  nerve  supplies  branches  to  the  stylo-hyoid, 
hyo-glossus,  genio-hyoid,  and  genio-hyo-glossus  muscles  as  it  becomes 
contiguous  to  each,  and  when  arrived  close  to  the  middle  of  the  tongue 
with  the  ranine  artery,  gives  oflf  several  long  slender  branches,  which  pass 
upwards  into  the  substance  of  the  organ.  Some  filaments  join  with  others 
proceeding  from  the  gustatory  nerve. 

A  branch  is  described  as  uniting  with  its  fellow  of  the  opposite  side,  in  the  sub- 
stance of  the  genio-hyoid  muscle  or  between  it  and  the  genio-glossus.  Tliis  loop,  as 
also  the  ansa  hypoglossi,  is  recommended  by  Hyrtl  as  a  particularly  favourable 
example  for  the  observation  of  nerve  fibres  returning  to  the  nervous  centres  without 
distribution,  to  which  he  gives  the  name  of  "  nerves  without  ends."  ("  Nat.  Hist. 
Eeview,  Jan.  1862.")  That  in  the  ansa  hypoglossi  an  interchange  of  fibres  takes 
place,  so  that  a  filament  of  the  spinal  nerve  is  directed  upwards  along  the  branch  of 
the  hypoglossal,  and  vice  versd,  was  noticed  by  Cruveilhier. 

Siimmarij. — The  hypoglossal  nerve  supplies,  either  alone  or  in  imion 
with  branches  of  the  spinal  nerves,  all  the  muscles  connected  with  the 
OS  hyoides,  including  those  of  the  tongue,  with  the  exception  of  the  digastric 
and  stylo-hyoid,  the  mylo-hyoid  and  the  middle  constrictor  of  the  pharynx. 
It  also  supplies  the  sterno-thyroid  muscle. 

It  is  connected  with  the  following  nerves,  viz.,  pneumo- gastric,  gustatory, 
three  upper  cervical  nerves,  and  the  sympathetic. 


B.  SPINAL  NERVES. 

The  spinal  nerves  are  characterised  by  their  origin  from  the  spinal  cord, 
and  their  direct  transmission  outwards  from  the  spinal  canal  in  the  intervals 
between  the  vertebrae.  Taken  together  these  nerves  consist  of  thirty-one 
pairs  ;  and,  according  to  the  region  in  which  they  issue  from  the  spinal 
canal,  they  are  named  cervical,  dorsal,  lumbar,  sacral,  and  coccygeal. 

By  universal  usage  each  pair  of  nerves  in  the  dorsal,  lumbar,  and  sacral 
regions  is  named  in  correspondence  with  the  vertebra  beneath  which  it 
emerges.  There  are  thus  left  eight  pairs  of  nerves  between  the  cranium 
and  the  first  dorsal  nerve,  the  first  being  placed  above  the  atlas  and  the 
eighth  below  the  seventh  cervical  vertebra,  which  are  reckoned  by  the 
majority  of  writers  as  eight  cervical  nerves.  The  nerves  of  the  thirty-first 
pair  emerge  from  the  lower  end  of  the  sacral  canal,  below  the  first  vertebra 
of  the  coccyx,  and  are  named  coccygeal. 

Although  the  plan  of  counting  eight  cervical  nerves  is  continued  in  this  work  for 
the  sake  of  convenience,  it  being  that  which  is  most  frequently  followed,  it  is  by  no 
means  intended  to  represent  this  method  as  scientifically  correct.  The  plan  of 
Willis,  who  reckoned  the  suboccipital  as  a  cranial  nerve  had  at  least  the  advantage 
that  it  made  the  numbers  of  the  remaining  seven  cervical  nerves  correspond  each 
with  the  vertebra  beneath  which  it  emerged,  as  do  the  dorsal,  lumbar  and  sacral 
nerves ;  and  if  the  suboccipital  nerve,  while  recognised  as  the  first  spinal  nerve,  be 
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kept  distinct  from  the  seven  which  succeed, 
as  is  taught  in  some  schools,  a  nomencla  urc 
ia  arrived  at  much  less  objectionable  than  that 
which  is  most  prevalent.   A  reference  however, 
to  development  (p.  17)  will  remind  the  reader 
that  in  the  primordial  vertebrae  each  spma 
nerve  is  originally  situated  above  the  rib  and 
transverse  process  belonging  to  the  same  seg- 
ment; and  it  will  become  apparent  that  tne 
scientifically  accurate  nomenclature  of  nerves 
might  be  rather  to  name  each  in  accordance 
with  the  number  of  the  vertebra  below  it.  fhus 
the  eighth  cervical  nerve  would  be  called  trst 
dorsal,  and  so  on. 


Ficr  420  — DiAORAMMATIO  OUTLINE  OF  TOE  RoOTS 

AND  First  Part  op  the  Spinal  Nerves, 

TOOKTUER  WITH   THE  SyMPATUETIO    CoED  OP 
ONE  SIDE.  1^ 

The  view  is  taken  from  before.    In  the  upper 
part  Of  the  figure  the  pons  Varolii  and  medulla 
oblongata  are  represented,  and  from  V,  to  IX, 
the  roots  of  the  several  cranial  nerves  from  the 
trifacial  to  the  hypoglossal  are  indicated.  On 
the  left  side  01,  is  placed  opposite  the  first  cer- 
vical or  suboccipital  nerve ;  and  the  numbers  2  to 
8  following  below  indicate  the  corresponding 
cervical  nerves ;  Br,  indicates  the  brachial  plexus ; 
■Dl  is  placed  opposite  the  intercostal  part  ot  tne 
first  dorsal  nerve,  and  the  numbers  2  to  12  follow- 
ia"  mark  the  corresponding  dorsal  nerves;  U\, 
the  first  lumbar  nerve,  and  the  numbers  2  to  5 
following  the  remaining  lumbar  nerves ;  Or,  the 
anterior  crural,  and  o,  the  obturator  nerve  ;  bl, 
the  first  sacral,  and  the  following  numbers  2  to  5 
the  remaining  sacral  nerves;  6,  the  coccygeal 
nerve ;  Sc,  the  great  a.ciatic  nerve ;  x  ,    x  ,  the 
filum  terminale  of  the  cord.  ,    ^ • 

On  the  right  side  of  the  figure  the  following 
letters  indicate  parts  of  the  sympathetic  nerves  ; 
viz.  a,  the  superior  cervical  ganglion,  com- 
municating with  the  upper  cervical  spinal  nerves 
and  continued  below  in  the  great  sympathetic 
cord  ;  b,  the  middle  cervical  ganglion  ;  c,  d,  the 
lower  cervical  ganglion  united  with  the  first 
dorsal ;  d',  the  eleventh  dorsal  ganglion  ;  from 
the  fifth  to  the  ninth  dorsal  ganglia  the  origins 
of  the  great  splanchnic  nerve  are  shown ;  I,  the 
lowest  dorsal  or  upper  lumbar  ganglion  ;  ss,  the 
upper  sacral  ganglion.  In  the  whole  extent  of  the 
sympathetic  cord,  the  twigs  of  union  with  the 
spinal  nerves  are  shown. 


Sometimes  an  additional  coccygeal  nerve 
exists.  Among  seven  cases  which  appear  to 
have  been  examined  with  great  care,  Professor 
Schlemm  ("  Observat.  Neurologicas,"  Berolini, 
1834)  found  two  coccygeal  nerves  on  each  side 
in  one  instance,  and  on  one  side  in  another 
case.  In  all  the  rest  there  was  only  a  single 
coccygeal  nerve  on  each  side. 
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THE  ROOTS  OF  THE  SPINAL  NERVES. 

Eacli  spinal  nerve  springs  from  the  spinal  cord  by  two  roots  which 
approach  one  another,  and,  as  they  quit  the  spinal  canal,  join  in  the 
corresponding  intervertebral  foramen  into  a  single  cord  ;  and  each  cord  so 
formed  separates  immediately  into  two  divisions  one  of  which  is  destined 
for  parts  in  front  of  the  spine,  the  other  for  parts  behind  it. 

The  posterior  roots  of  the  nerves  are  distinguished  from  the  anterior  roots 
by  their  greater  size,  as  well  as  by  the  greater  thickness  of  the  fasciculi  of 
which  they  are  composed.  Each  spinal  nerve  is  furnished  with  a  ganglion  ; 
but  the  first  cervical  or  sub-occipital  nerve  is  in  some  cases  without  one. 
The  size  of  the  ganglia  is  in  proportion  to  that  of  the  nerves  on  which  they 
are  formed. 

The  ganglia  are  in  general  placed  in  the  intervertebral  foramina,  imme- 
diately beyond  the  points  at  which  the  roots  perforate  the  dura  mater  lining 
the  spinal  canal.  The  first  and  second  cervical  nerves,  however,  which 
leave  the  spinal  canal  over  the  laminae  of  the  vertebrae,  have  their  ganglia 
opposite  those  parts.  The  ganglia  of  the  sacral  nerves  are  contained  in  the 
spinal  canal,  that  of  the  last  nerve  being  occasionally  at  some  distance  from 
the  point  at  which  the  nerve  issues.  The  ganglion  of  the  coccygeal  nerve 
is  placed  withiu  the  canal  in  the  sac  of  dura  mater,  and  at  a  variable  dis- 
tance from  the  origin  of  the  nerve. 


Fig.  421. 


Fig.  421. — Different 
Views  of  a  Portion  of 
THE  Spinal  Cord  from 
THE  Cervical  Eeoion 
with  the  Roots  of 
THE  Nerves.  Sliglitly 
enlarged. 

In  A,  the  anterior  sur- 
face of  the  specimen  is 
shown,  the  anterior  nerve- 
root  of  the  right  side 
being  divided  ;  in  B,  a 
view  of  the  right  side  is 
given  ;  in  C,  the  upper 
surface  is  shown  ;  in  D, 
the  nerve-roots  and  gan- 
glion are  shown  from 
below.  1,  the  anterior 
median  fissure ;  2,  pos- 
terior median  fissure ;  3, 
anterior  lateral  depres- 
sion, over  which  the  ante- 
rior nerve-roots  are  seen 
to  spread ;  4,  posterior 
lateral  groove,  into  which 
the  posterior  roots  are 
seen  to  sink;  5,  anterior 
roots  passing  the  ganglion ; 
5',  in  A,  the  anterior  root 
divided  ;  6,  the  posterior  roots,  the  fibres  of  which  enter  the  ganglion,  6'  ;  7,  the  united 
or  compound  nerve  ;  7',  the  posterior  primary  branch  seen  in  A  and  D,  to  be  derived 
in  part  from  the  anterior  and  in  part  from  the  posterior  root. 

The  fibres  of  the  posterior  root  of  the  nerve  divide  into  two  bundles  as  they 
approach  the  ganglion,  and  the  inner  extremity  of  the  oval-shaped  ganglion 
is  sometimes  bilobate,  the  lobes  corresponding  to  the  two  bundles  of  fibres. 


SIZE  AND  STRUCTURE.— MODE  OF  DIVISION.  6:U 

These  fibres  in  man  and  the  mammalia  appear  to  pass  tlirou-li  the  ganslwn  with- 
out union  with  its  cells.  The  cells  are  both  unipolar  and  bipolar,  but  the  fibres  con- 
nected with  them  all  pass  to  the  periphery  (KolUker),  so  that  beyond  the  ganghoa 
the  posterior  root  of  the  nerve  has  received  an  additional  set  of  fibres  besides  tliose 
wliich  it  contains  before  reaching  the  ganglion.  In  fishes,  on  the  contrary,  all  tlie 
fibres  of  the  posterior  root  are  connected  with  the  opposite  extremities  ot  the  bipolar 
cells  of  the  ganglion.  ,  , 

The  anterior  roots  of  the  spinal  nerves  are,  as  will  be  inferred  from  wHat 
has  been  already  stated,  the  smaller  of  the  two  ;  they  are  devoid  of 
ganglionic  enlargement,  and  their  fibres  are  collected  into  two  bundles  near 
the  intervertebral  gangUon,  as  in  the  posterior  root. 

Size.  The  roots  of  the  upper  cervical  nerccs  are  smaller  than  those  of  the 

lower  nerves,  the  first  being  much  the  smallest.  The  posterior  roots  of 
these  nerves  exceed  the  anterior  in  size  more  than  in  the  other  spinal  nerves, 
and  they  are  likewise  composed  of  fasciculi  which  are  considerably  larger 
than  those  of  the  anterior  roots. 

The  roots  of  the  dorsal  nerves,  exception  being  made  of  the  first,  which 
resembles  the  lowest  cervical  nerves  and  is  associated  with  them  in  a  part  of 
its  distribution,  are  of  small  size,  and  vary  but  slightly,  or  not  at  all,  from 
the  second  to  the  last.  The  fasciculi  of  both  roots  are  thinly  strewed  over 
the  spinal  cord,  and  are  slender,  those  of  the  posterior  exceeding  in  thickness 
those  of  the  anterior  root  in  only  a  small  degree. 

The  roots  of  the  lower  lumbar,  and  of  the  upper  sacral  nerves,  are  the 
largest  of  all  the  spinal  nerves  ;  those  of  the  lowest  sacral  and  the  coccygeal 
nerve  are,  on  the  other  hand,  the  slenderest.  All  these  nerves  are  crowded 
together  round  the  lower  end  of  the  cord.  Of  these  nerves  the  anterior 
roots  are  the  smaller,  but  the  disproportion  between  the  anterior  and  pos- 
terior roots  is  not  so  great  as  iu  the  cervical  nerves. 

Length  of  the  nerves  in  the  spinal  canal.  — The  place  at  which  the  roots 
of  the  upper  cervical  nerves  are  connected  with  the  spinal  cord  being  nearly 
opposite  the  foramina  by  which  they  respectively  leave  the  canal,  these  roots 
are  comparatively  short.  But  the  distance  between  the  two  points  referred 
to  is  gradually  augmented  from  nerve  to  nerve  downwards,  so  that  the 
place  of  origin  of  the  lower  cervical  nerves  is  the  breadth  of  at  least  one 
vertebra,  and  that  of  the  lower  dorsal  nerves  about  the  breadth  of  two 
vertebrae  above  the  foramina  by  which  they  respectively  emerge  from  the 
canal.  Moreover,  as  the  spinal  cord  extends  no  farther  than  the  first 
lumbar  vertebra,  the  length  of  the  roots  of  the  lumbar,  sacral,  and  coccygeal 
nerves  increases  rapidly  from  nerve  to  nerve,  and  in  each  case  may  be 
estimated  by  the  distance  of  the  foramen  of  exit  from  the  extremity  of  the 
cord.  0  wing  to  their  length,  and  the  appearance  they  present  in  connection 
with  the  spinal  cord,  the  aggregation  of  the  roots  of  the  nerves  last  referred 
to  has  been  named  the  "cauda  equina." 

The  direction  the  roots  take  within  the  canal  requires  brief  notice.  The 
first  cervical  nerve  is  directed  horizontally  outwards.  The  roots  of  the 
lower  cervical  and  dorsal  nerves  at  first  descend  over  the  spinal  cord,  held 
in  contact  with  it  by  the  arachnoid,  till  they  arrive  opposite  the  several 
intervertebral  foramina,  where  they  are  directed  horizontally  outwards. 
The  nerves  of  the  cauda  equina  run  iu  the  direction  of  the  spinal  canal. 

.Division  of  the  nerves. — The  two  roots  of  each  of  the  spinal  nerves  unite 
immediately  beyond  the  ganglion,  and  the  trunk  thus  formed  separates, 
as  already  mentioned,  into  two  divisions,  an  anterior  and  a  posterior,  which 
are  called  primary  branches  or  divisions. 

In  the  di'tailod  description  of  the  spinal  nerves  which  fol'-ow.'?,  we  shall 
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begin  with  their  posterior  primary  divisions,  calling  attention  first  to  certain 
characters  common  to  the  whole  of  them,  and  afterwards  stating  separately 
the  arrangement  peculiar  to  each  group  of  nerves  (cervical,  dorsal  &c  ) 


POSTERIOR  PRIMARY  DIVISIONS 

OF  THE  SPINAL  NEEVES. 

The  posterior  divisions  of  the  spinal  nerves  are,  with  few  exceptions 
smaller  than  those  given  to  the  fore  part  of  the  body.  Springing  from  the 
trunk  which  results  from  the  union  of  the  roots  of  the  nerve  in  the  inter- 
vertebral foramen,  or  frequently  by  separate  fasciculi  from  each  of  the 
roots,  each  turns  backwards  at  once,  and  soon  divides  into  two  parts,  distin- 
guished as  external  and  internal,  distributed  to  the  muscles  and  the  integu- 
ment behind  the  spine.  The  first  cervical,  the  fourth  and  fifth  sacral  and 
the  coccygeal  nerve  are  the  only  nerves  the  posterior  divisions  of  which  do 
not  separate  into  external  and  internal  branches. 

The  Suboccipital  Nerve. — The  posterior  division  of  the  suboccipital 
nerve,  which  is  the  larger  of  the  two  primary  divisions,  emerging  over  the 
arch  of  the  atlas,  between  this  and  the  vertebral  arbery,  enters  the  space 
bounded  by  the  larger  rectus  and  the  two  oblique  muscles,  and  divides 
into  branches  for  the  surrounding  muscles. 

a.  One  branch  descends  to  the  lower  oblique  muscle  and  gives  a  filament,  through 
or  over  the  fibres  of  that  muscle,  to  join  the  second  cervical  nerve. 

6.  Another  ascends  over  the  larger  rectus  muscle,  supplying  it  and  the  smaller 
rectus. 

c.  A  third  enters  the  upper  oblique  muscle. 

d.  A  fourth  sinks  into  the  complexus,  where  that  muscle  covers  the  nerve  and  its 
branches. 

A  cutaneoTis  branch  is  occasionally  given  to  the  back  of  the  head ;  it  accompanies 
the  occipital  artery,  and  is  connected  beneath  the  integument  with  the  great  and 
small  occipital  nerves. 

Pig.  422.  SuPKRFIOIAIi  AND  DeBP  DISTRIBUTION  OP  THK  PoSTKRIOR  PrIMART  DIVISIONS 

OP  THE  Spinal  Nerves  (from  Hirschfeld  and  Leveille).  ^ 

On  the  left  side  the  cutaneous  branches  are  represented  as  lying  upon  the  superficial 
layer  of  muscles  ;  on  the  right  side,  the  superficial  muscles  having  been  removed,  the 
splenius  and  complexus  have  been  divided  in  the  neck,  and  the  erector  spinse  separated 
and  partially  removed  in  the  back,  so  as  to  expose  the  deep  issue  of  the  nerves. 

a,  a,  lesser  occipital  nerve  from  the  cervical  plexus  ;  1,  external  muscular  hranches  of 
the  first  cervical  nerve  and  union  by  a  loop  with  the  second  ;  2,  placed  on  the  rectus 
capitis  posticus  major,  marks  the  great  occipital  nerve  passing  round  the  short  muscles 
and  piercing  the  complexus  :  the  external  branch  is  seen  to  the  outside  ;  2',  cranial  dis- 
tribution of  the  great  occipital ;  3,  external  branch  of  the  posterior  primary  division  of 
the  third  nerve  ;  3',  its  internal  branch,  or  third  occipital  nerve  ;  4',  5',  6',  7',  8', 
internal  branches  of  the  several  corresponding  nerves  on  the  left  side  :  the  external 
branches  of  these  nerves  proceeding  to  muscles  are  displayed  on  the  right  side  ;  dl,  to 
d  6,  and  thence  to  dl2,  external  muscular  branches  of  the  posterior  primary  divisions  of 
the  twelve  dorsal  nerves  on  the  right  side  ;  d  V,  to  d  6',  the  internal  cutaneous  branches 
of  the  six  upper  dorsal  nerves  on  the  left  side  ;  d  7',  to  d  12',  cutaneous  branches  of  the 
six  lower  dorsal  nerves  from  the  external  branches ;  I,  I,  external  branches  of  the  pos- 
terior primary  branches  of  several  lumbar  nerves  on  the  right  side  piercing  the  muscles, 
the  lower  descending  over  the  gluteal  region  ;  1',  V,  the  same  more  superficially  on  the  left 
side;  s,  s,  on  the  right  side,  the  issue  and  union  by  loops  of  the  posterior  primary  divisions 
of  four  sacral  nerves  ;  s',  s',  some  of  these  distributed  to  the  skin  on  the  left  side. 
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Cehvical  Nerves,  ivith  the  exception  of  the  suhoccipital, — The  external 
Iranches  give  only  muscular  offsets,  and  are  distributed  to  the  splenius  and 
the  slender  muscles  prolonged  to  the  neck  from  the  erector  spinre,  viz.,  the 
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cervicalia  ascendens,  and  the  traiisversalis  colli  with  the  trachelo-mastoid 
Tlmt  of  the  second  nerve  is  the  largest  of  the  series  of  external  branches 
and  13  often  united  to  the  corresponding  branch  of  the  third  ;  it  supplies 
the  complexus  muscle  which  covers  it,  and  ends  in  the  splenius  and  trachelo- 
mastoid  muscles. 

The  internal  branches,  larger  than  the  external,  are  differently  disposed  at 
the  upper  and  the  lower  parts  of  the  neck.  That  of  the  second  cervical 
nerve  is  named,  from  its  size  and  destination,  the  great  occipital,  and 
requires  separate  notice.  The  rest  are  directed  inwards  to  the  spinous  pro- 
cesses of  the  vertebrae.  Those  derived  from  the  third,  fourth,  and  fifth 
nerves  pass  over  the  semispinalis  and  beneath  the  complexus  muscle,  and, 
having  reached  the  spines  of  the  vertebrje,  turn  transversely  outwards  and 
are  distributed  in  the  integument  over  the  trapezius  muscle.  From  the 
cutaneous  branch  of  the  third  nerve  a  branch  passes  upwards  to  the  integu- 
ment on  the  lower  part  of  the  occiput,  lying  at  the  inner  side  of  the  great 
occipital  nerve,  and  is  sometimes  called  third  occipital  nerve. 

Between  the  inner  branches  of  the  first  three  cervical  nerves,  beneath  the  complexus, 
there  are  frequently  communicating  fasciculi ;  and  this  communication  Cruveilhier 
has  designated  as  "  the  posterior  cervical  plexus." 

The  internal  branches  from  the  lowest  three  cervical  nerves  are  placed 
beneath  the  semispinalis  muscle,  and  end  in  the  muscular  structure,  without 
furnishing  (except  occasionally  the  sixth)  any  offset  to  the  skin.  These 
three  nerves  are  the  smallest  of  the  series. 

The  great  occipital  nerve  is  directed  upwards  on  the  lower  oblique  muscle, 
and  is  transmitted  to  the  surface  through  the  complexus  and  trapezius 
muscles,  giving  twigs  to  the  complexus.  Ascending  with  the  occipital 
artery,  it  divides  into  branches,  which  radiate  over  the  occipital  part  of  the 
occipito-frontalis  muscle,  some  appearing  to  enter  the  muscle,  and  others 
joining  the  smaller  occipital  nerve. 

An  auricular  branch  Is  sometimes  supplied  to  the  back  of  the  ear  by  the  great 
occipital  nerve. 

Dorsal  Nerves. — The  external  branches  increase  in  size  from  above 
downwards.  They  are  directed  through  or  beneath  the  longisaimus  dorsi  to 
the  space  between  that  muscle  and  the  ilio-costalis  and  accessory ;  they  supply 
both  those  muscles,  together  with  the  small  muscles  continued  upwards  from 
the  erector  spinse  to  the  neck,  and  also  the  levatores  costarum.  The  lower 
five  or  six  nerves  give  cutaneous  twigs,  which  are  transmitted  to  the  integu- 
ment in  a  line  with  the  angles  of  the  ribs. 

The  internal  branches  of  the  upper  six  dorsal  nerves  appear  in  the  interval 
between  the  multifidus  spinse  and  the  semi- spinalis  dorsi ;  they  supply 
those  muscles,  and  become  cutaneous  by  the  side  of  the  spinous  processes  of 
the  vertebrae.  The  cutaneous  branch  from  the  second  nerve,  and  sometimes 
others,  reach  as  far  as  the  scapula.  The  internal  branches  of  the  lower  six 
dorsal  nerves  are  placed  between  the  multifidus  spinse  and  longissimus  dorsi, 
and  end  in  the  multifidus  without  giving  branches  to  the  integument. 
Where  cutaneous  nerves  are  supplied  by  the  internal  branches,  there  are 
none  from  the  external  branches  of  the  same  nerve,  and  vice  versa. 

Lumbar  Nerves. — The  external  branches  enter  the  erector  spinse,  and 
give  filaments  to  the  intertransverse  muscles.  From  the  upper  three, 
cutaneous  nerves  are  supplied ;  and  from  the  last,  a  fasciculus  descends  to 
the  corresponding  branch  of  the  first  sacral  nerve. — The  cutaneous  nerves 
given  from  the  external  branches  of  the  first  three  lumbar  nerves,  pierce  the 
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fleshy  park  of  the  ilio-costalis,  and  the  aponeurosis  of  the  latissimus  dorsi; 
they  cross  the  iliac  crest  near  the  edge  of  the  erector  spinse,  and  terminate 
in  the  integument  of  the  gluteal  region.  One  or  more  of  the  filaments  may 
be  traced  iis  far  as  the  great  trochanter  of  the  femur. 

The  internal  branches  wind  backwards  in  grooves  close  to  the  articular 
processes  of  the  vertebrae,  and  sink  into  the  multifidus  spinse  muscle. 

Sacral  Nbeves. — The  posterior  divisions  of  these  nerves,  except  the 
las-t,  issue  from  the  sacrum  through  its  posterior  foramina.  The  first  three 
are  covered  at  their  exit  from  the  bone  by  the  multifidus  spinse  muscle, 
and  bifurcate  like  the  posterior  trunks  of  the  other  spinal  nerves  ;  but 
the  remaining  two,  which  continue  below  that  muscle,  have  a  peculiar 
arrangement,  and  require  separate  examination. 

The  internal  brandies  of  the  first  three  sacral  nerves  are  small,  and  are 
lost  in  the  multifidus  spinas  muscle. 

The  external  branches  of  the  same  nerves  are  united  with  one  another, 
and  with  the  last  lumbar  and  fourth  sacral  nerves,  so  as  to  form  a  series  of 
anastomotic  loops  on  the  upper  part  of  the  sacrum.  These  branches  are 
then  du-ected  outwards  to  the  cutaneous  or  posterior  surface  of  the  great 
sacro-sciatic  ligament,  where,  covered  by  the  gluteus  maximus  muscle,  they 
form  a  second  series  of  loops,  and  end  in  cutaneous  nerves.  These  pierce  the 
great  gluteus  muscle  in  the  direction  of  a  line  from  the  posterior  iliac  spine 
to  the  tip  of  the  coccyx.  They  are  commonly  three  in  number — one  is 
near  the  innominate  bone,  another  opposite  the  extremity  of  the  sacrum, 
and  the  third  about  midway  between  the  other  two.  All  are  directed  out- 
wards over  the  great  gluteal  muscle. 

In  six  dissections  by  Ellis  this  arrangement  waa  found  to  be  the  most  frequent. 
The  variations  to  which  it  is  liable  are  these  : — the  first  nerve  may  not  take  part  in 
the  second  series  of  loops,  and  the  fourth  may  be  associated  with  them. 

The  posterior  divisions  of  the  last  two  sacral  nerves  are  smaller  than  those 
above  them,  and  are  not  divided  into  external  and  internal  branches.  They 
are  connected  with  each  other  by  a  loop  on  the  back  of  the  sacrum,  and  the 
lowest  is  joined  in  a  similar  manner  with  the  coccygeal  nerve  ;  one  or  two 
small  filaments  from  these  sacral  nerves  are  distributed  behind  the  coccyx. 

Coccygeal  Nerve. — The  posterior  division  of  the  coccygeal  nerve  is  very 
small,  and  separates  from  the  anterior  primary  portion  of  the  nerve  in  the 
sacral  canal.  It  is  joined  by  a  communicating  filament  from  the  last  sacral 
nerve,  and  ends  in  the  fibrous  structure  covering  the  posterior  surface  of  the 
coccyx . 


ANTERIOR  PRIMARY  DIVISIONS 

OF  THE  SPINAL  NERVES. 

The  anterior  primary  divisions  of  the  spinal  nerves  are  distributed  to  the 
parts  of  the  body  situated  in  front  of  the  vertebral  column,  including  the 
limbs.  They  are,  for  the  most  part,  considerably  larger  than  the  posterior 
divisions. 

The  anterior  division  of  each  spinal  nerve  is  connected  by  one  or  two 
slender  filaments  with  the  sympathetic.  Those  of  the  cervical,  lumbar,  and 
sacral  nerves  form  plexuses  of  various  forms  ;  but  those  of  the  dorsal  nerves 
remain  for  the  most  part  separate  one  from  another. 
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CERVICAL  NERVES. 

The  anterior  divisions  of  the  four  upper  cervical  nerves  form  the  cervical 
plexus.  They  appear  at  the  side  of  the  neck  between  the  scalenus  medius 
and  rectus  anticus  major  muscles.  They  are  each  connected  by  a  commu- 
nicating filament  with  the  first  cervical  ganglion  of  the  sympathetic  nerve, 
or  with  the  cord  connecting  that  ganglion  with  the  second.  ' 

The  anterior  divisions  of  the  four  lower  cervical  nerves,  larger  than  those 
of  the  upper  four,  appear  between  the  scaleni  muscles,  and,  together  with 
that  of  the  &st  dorsal,  go  to  form  the  brachial  plexus.  They  are  each 
connected  by  a  filament  with  one  of  the  two  lower  cer%dcal  ganglia  of  the 
sympathetic,  or  with  the  plexus  on  the  vertebral  artery. 

The  anterior  divisions  of  the  first  and  second  nerves  require  a  notice 
separately  from  the  description  of  the  nerves  of  the  cervical  plexus. 

StTBOCCIPITAL  NERVE. 

The  anterior  primary  division  of  the  first  nerve  runs  forwards  in  a  groove 
on  the  atlas,  and  bends  downwards  in  front  of  the  transverse  process  of  that 
vertebra  to  join  the  second  nerve.  In  this  course  forwards  it  lies  beneath 
the  vertebral  artery,  and  at  the  inner  side  of  the  rectus  lateralis  muscle,  to 
which  it  gives  a  branch.  As  it  crosses  the  foramen  in  the  transverse  process 
of  the  atlas,  the  nerve  is  joined  by  a  filament  from  the  sympathetic  ;  and 
from  the  arch,  or  loop  of  the  atlas,  which  it  makes  in  front  of  the  transverse 
process,  branches  are  supplied  to  the  two  anterior  recti  muscles.  Short 
filaments  connect  this  part  of  the  nerve  with  the  pneumo-gastric,  the  hypo- 
glossal, and  the  sympathetic  nerves. 

Valentin  notices  filaments  distributed  to  the  articulation  of  the  occipital  bone  with 
the  atlas,  and  to  the  mastoid  process  of  the  temporal  bone. 

SECOND  CERVICAL  NERVE. 

The  anterior  division  of  the  second  cervical  nerve,  beginning  between  the 
arches  of  the  first  two  vertebrae,  is  directed  forwards  between  their  trans- 
verse processes,  being  placed  outside  the  vertebral  artery,  and  beneath  the 
intertransverse  and  other  muscles  fixed  to  those  processes.  In  front  of  the 
intertransverse  muscles  the  nerve  divides  into  an  ascending  part,  which 
ioins  the  first  cervical  nerve,  and  a  descending  part  to  the  third. 


CERVICAL  PLEXUS. 

The  cervical  plexus  is  formed  by  the  anterior  divisions  of  the  first  four 
cervical  nerves,  and  distributes  branches  to  some  of  the  muscles  of  the  neck, 
and  to  a  portion  of  the  integument  of  the  head  and  neck.  It  is  placed 
opposite  the  first  four  vertebrae,  beneath  the  sterno-mastoid  muscle,  and  rests 
against  the  middle  scalenus  muscle  and  the  levator  anguli  scapulae.  The 
disposition  of  the  nerves  in  the  plexus  is  easily  recognised.  Each  nerve, 
except  the  first,  branches  into  an  ascending  and  a  descending  part  :  and 
these  are  united  in  communicating  loops  with  the  contiguous  nerves.  From 
the  union  of  the  second  and  third  nerves,  superficial  branches  are  supplied 
to  the  head  and  neck  ;  and  from  the  junction  of  the  tliird  with  the  fourth, 
arise  the  cutaneous  nerves  of  the  shoulder  and  chest.  Muscular  and  com- 
municating branches  spring  from  the  same  nerves. 

The  branches  of  the  plexus  may  be  separated  into  two  sets — a  superficial 
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and  deep  ;  the  superficial  consisting  of  those  which  ramify  over  the  cervical 
fascia  supplying  the  integument  and  some  also  the  platysma  ;  the  deep 
comprising  branches  which  are  distributed  for  the  most  part  to  the  muscles. 
The  superficial  nerves  may  be  subdivided  into  ascending  and  descending ; 
the  deep  nerves  into  an  internal  and  external  series. 


Fig.  423.— DiAQRAMMATiO  Fig.  423. 

Outline  op  the  first 
parts  op  the  cervical 
AND  Upper  Dorsal 
Nerves,  snowiNa  the 
Cervical  and  Braohul 
Plexuses.  J 

The  nerves  are  separated 
from  the  spinal  cord  at 
their  origin  and  are  sup- 
posed to  be  viewed  from 
before.  CI,  is  placed  op- 
posite the  roots  of  the  first 
cervical  or  suboccipital 
nerve,  and  the  roman  num- 
bers in  succession  from  II, 
to  VIII,  opposite  the  roots 
of  the  corresponding  cer- 
vical nerves  ;  D 1,  is  placed 
opposite  to  the  roots  of  the 
first  dorsal  nerve,  and  II, 
and  III,  opposite  the  second 
and  third  nerves ;  the  origin 
of  the  posterior  primary 
branch  is  shown  in  all  the 
nerves  ;  of  these  p  2,  indi- 
cates the  great  occipital 
from  the  second,  and  p3, 
the  smallest  occipital  nerve 
from  the  third.  In  con- 
nection with  the  cervical 
plexus  the  following  indica- 
tions are  given  ;  1,  anterior 
primary  branch  of  the 
first  cervical  nei-ve  and  loop 
of  union  with  the  second 
nerve;  2,  lesser  occipital 
nerve  proceeding  in  this 
case  from  the  second  cervi- 
cal nerve,  more  frequently 
from  the  second  and  third  ; 
3,  great  auricular  nerve 
from  the  second  and  third  ; 

3',  superficial  cervical  nerve  from  the  third  ;  3«,  communicating  branches  to  the  descen- 
dens  noni  from  the  second  and  third  ;  3  s,  communicating  to  the  spinal-accessory  from  the 
second,  third,  and  fourth ;  4,  supraclavicular  and  supraacromial  descending  nerves  ; 
the  loops  or  arches  of  communication  between  the  four  upper  cervical  nerves,  and  between 
the  fourth  and  fifth  are  shown  ;  4',  the  phrenic  nerve  springing  from  the  fourth  and  fifth 
nerves.  In  connection  with  the  nerves  of  the  brachial  plexus  and  the  remaining  nerves 
the  following  indications  are  given — V,  to  VIII',  and  D',  the  five  roots  of  the  brachial 
plexus ;  5,  the  rhomboid  nerve  ;  5',  suprascapular  ;  5",  posterior  thoracic  ;  6,  nerve  to  the 
subclavins  muscle ;  7,  7,  inner  and  outer  anterior  thoracic  nerves ;  8,  8',  8",  upper  and 
lower  subscapular  nerves.  In  the  larger  nerves  proceeding  to  the  shoulder  and  arm  from 
the  plexus,  those  of  the  anterior  division  are  represented  of  a  lighter  shade,  those  belonging 
to  the  posterior  division  darker ;  cc,  external  cutaneous  or  musculo-cutaneous  ;  m,  median  ; 
u,  ulnar,  ic,  internal  cutaneous  ;  w,  nerve  of  Wrisberg ;  r,  musculo-spiral ;  c,  circum- 
flex; i,  intercostal  nerves;  i',  lateral  branch  of  the  same;  ill,  interoosto-humeral  nerves. 
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I.  Sdperfioial  Ascending  Branches. 

SUPERFICIAL  CERVICAL  NERVE. 

This  nerve  takes  origia  from  the  second  and  third  cervical  nerves,  turns 
forward  over  the  sterno -mastoid  about  the  middle,  and,  after  perforating  the 
cervical  fascia,  divides  beneath  the  platysma  myoides  into  two  branches, 
which  are  distributed  to  the  anterior  and  lateral  parts  of  the  neck. 

a.  The  upper  branch  gives  an  asceading  twig  which  accompanies  the  external  jugular 
vein,  and  communicates  freely  with  the  facial  nerve  (cervico-facial  division) ;  it  is  then 
transmitted  through  the  platysma  to  the  surface,  supplying  that  muscle,  and  ramifies 
in  the  integument  of  the  upper  half  of  the  neck  on  the  fore  part,  filaments  reaching  as 
high  as  the  lower  maxilla. 

5.  The  lower  branch  likewise  pierces  the  platysma,  and  is  distributed  below  the 
preceding,  its  filaments  extending  in  front  as  low  as  the  sternum. 

The  superficial  cervical  nerve  may  arise  from  the  plexus  in  the  form  of  two  or  more 
distinct  branches.  Thus  Valentin  describes  three  superficial  cervical  nerves,  which  he 
names  superior,  middle,  and  inferior.    ("  Sommerring  v.  Bau,"  &c.) 

While  the  superficial  cervical  nerve  ramifies  over  the  platysma  myoides,  the  facial 
nerve  is  beneath  the  muscle.  According  to  Valentin  many  anastomotic  arches  are 
formed  on  the  side  of  the  neck  between  those  two  nerves,  as  well  as  between  the 
branches  of  the  former,  one  with  another. 

GREAT  AURICULAR  NERVE. 

This  nerve  -winds  round  the  outer  border  of  the  sterno-mastoid,  and  is 
directed  obliquely  upwards  beneath  the  platysma  myoides,  between  the 
muscle  and  the  deep  fascia  of  the  neck,  to  the  lobe  of  the  ear.  Here  the 
nerve  gives  a  few  small  branches  to  the  face,  and  ends  in  the  auricular 
and  mastoid  branches. 

a.  The  auricular  branches  are  directed  to  the  back  of  the  external  ear,  on  which 
they  ramify,  and  are  connected  with  twigs  derived  from  the  facial  nerve.  One 
of  these  branches  reaches  the  outer  surface  of  the  ear  by  a  fissure  between  the 
antihelLx  and  the  concha.  A  few  filaments  are  supplied  likewise  to  the  outer  part  of 
the  lobule. 

b.  The  mastoid  branch  is  united  to  the  posterior  auricular  branch  of  the  facial 
nerve,  and  ascends  over  the  mastoid  process  to  the  integument  behind  the  ear. 

c.  The  facial  branches  of  the  great  auricular  nerve,  which  extend  to  the  integu- 
ments of  the  face,  are  distributed  over  the  parotid  gland.  Some  slender  filaments 
penetrate  deeply  through  the  substance  of  the  gland,  and  communicate  with  the  facial 
nerve. 

SMALL  OCCIPITAL  NERVE. 

The  smaller  occipital  nerve  varies  in  size,  and  is  sometimes  double.  It 
springs  from  the  second  cervical  nerve,  and  is  directed  almost  vertically  to 
the  head  along  the  posterior  border  of  the  sterno-mastoid  muscle.  Having 
perforated  the  deep  fascia  near  the  cranium,  the  small  occipital  nerve  is 
continued  upwards  between  the  ear  and  the  great  occipital  nerve,  and  ends 
in  cutaneous  filaments  wliich  extend  upwards  in  the  scalp  ;  it  communicates 
with  branches  from  the  larger  occipital  nerve,  as  well  as  with  the  posterior 
auricular  branch  of  the  facial.  It  appears  to  supply  sometimes  the  occipito- 
firontalis  muscle. 

The  auricular  branch  (ram.  auricularis  superior  posterior)  is  distributed  to  the 
upper  part  of  the  ear  on  the  posterior  aspect,  and  to  the  elevator  muscle  of  the  auricle. 
This  auricular  branch  is  an  offset  from  the  great  occipital  nerve,  when  the  small 
occipital  is  of  less  size  than  usual. 


SUPRACLAVICULAR  NERVES.  «39 
II,  Superficial  Descending  Branches. 

SUPBACLAVICUIAB  NERVES. 

The  descending  series  of  the  superficial  nerves  are  thus  named.  There 

Fig.  424. 


Fig.  424. — View  of  the  SupEhPioiAL  Distribution  op  the  Nerves  prockkding  froh 
THE  Cervical  Plexus  (from  Sappey  after  Hirschfeld  and  Leveill^).  J 

1,  superficial  cervical  nerve  ;  2,  2,  descending  branches  of  the  same  ;  3,  ascending 
branches ;  4,  twigs  uniting  with  the  facial ;  5,  great  auricular  nerve  ;  6,  its  parotid 
branch  ;  7,  its  external  auricular  branch  ;  8,  twig  of  the  same  which  pierces  the  auricle 
to  pass  to  its  outer  surface  ;  9,  branch  to  the  deep  surface  of  the  pinna  ;  ]  0,  its  uniou 
■with  the  posterior  auricular  of  the  facial  nerve  ;  11,  small  occipital  nerve;  12,  its  branch 
•which  unites  with  the  great  occipital  nerve  ;  13,  a  mastoid  branch  or  second  small  occipital ; 
14,  twigs  from  this  to  the  back  of  the  neck;  15,  16,  supraclavicular  nerves;  17,  18, 
Bupraacromial  nerves;  19,  branch  of  the  cervical  nerves  passing  into  the  trapezius  muscle; 
20,  spinal  accessory  distributed  to  the  same  and  receiving  a  uniting  branch  from  the  cervical 
nerves  ;  21,  branch  to  the  levator  scapuli ;  22,  trunk  of  the  facial  nerve  ;  23,  its  posterior 
auricular  branch  passing  into  the  occipital  and  posterior  and  superior  auricular  muscles ; 
24,  its  cervico-facial  branches. 
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are  t^^o  of  these  nerves,  or,  m  some  cases,  a  greater  numlier.  They  arise 
from  the  third  and  fourth  cervical  nerves,  and  descend  in  the  interval 
between  the  stern  o-mastoid  and  the  trapezius  muscles.  As  they  approach 
the  clavic  e,  the  nerves  are  augmented  to  three  or  more  in  number,  and  are 
recognised  as  mternal,  middle,  and  posterior. 

f  J-n'^i'^f  5f  T/^^T'^^^,^'''"^^'  ""^^"^  "^"'^  ^'"'^"^^  ^ta'^the  rest,  ramifies  over 
tne  mner  half  of  the  clavicle,  and  terminates  near  the  sternum. 

6.  The  middle  branch,  lying  opposite  the  interval  between  the  pectoral  and  deltoid 

muscles  distributes  some  twigs  over  the  fore  part  of  the  deltoid,  and  others  over 

the  pectoral  muscle.    The  latter  join  the  small  cutaneous  branches  of  the  intercostal 


nerves. 


c.  The  Kc<enjaZ  or  posterior  branch  (acromial)  is  directed  outwards  over  the  acro- 
mion, and  the  clavicular  attachment  of  the  trapezius  muscle,  and  ends  in  the  integu- 
ment of  the  outer  and  back  part  of  the  shoulder. 


III.  Deep  Branches  :  Inner  Series. 

CONNECTING  BRANCHES. 

The  cervical  plexus  is  connected  near  the  base  of  the  skull  with  the 
trunks  of  the  pneumo-gastric,  hypoglossal,  and  sympathetic  nerves,  by 
means  of  filaments  intervening  between  those  nerves  and  the  loop  formed 
by  the  firat  two  cervical  nerves  in  front  of  the  atlas  (p.  63T). 

MUSCtTLAR  BRANCHES. 

Branches  to  the  anterior  recti  muscles  proceed  from  the  cervical  nerves 
close  to  the  vertebrae,  including  the  loop  between  the  first  two  of  these 
nerves. 

Two  branches  to  the  ansa  hypoglossi,  one  from  the  second,  the  other  from 
the  third  cervical  nerve,  descend  over  or  under  the  internal  jugular  vein,  to 
form  a  loop  of  communication  with  the  ramus  descendens  noni,  and  aid  in 
the  supply  of  the  muscles  below  the  hyoid  bone  (p.  626). 

PHRENIC  NERVE. 

The  diaphragmatic  or  phrenic  nerve  passes  down  through  the  lower  part 
of  the  neck  and  the  thorax  to  its  destination. 

It  commences  from  the  fourth  cervical  nerve,  and  receives  usually  a  fasci- 
culus from  the  fifth.  As  it  descends  in  the  neck,  the  nerve  is  inclined 
inwards  over  the  anterior  scalenus  muscle  ;  and  near  the  chest  it  is  joined 
by  a  filament  of  the  sympathetic,  and  sometimes  also  by  another  filament 
derived  from  the  fifth  and  sixth  cervical  nerves. 

As  it  enters  the  thorax  each  phrenic  nerve  is  placed  between  the  sub- 
clavian artery  and  vein,  and  crosses  over  the  internal  mammary  artery  near 
the  root.  It  then  takes  nearly  a  straight  direction,  in  front  of  the  root  of 
the  lung  on  each  side,  and  along  the  side  of  the  pericardium, — between 
this  and  the  mediastinal  part  of  the  pleura.  Near  the  diaphragm  it  divides 
into  branches,  which  separately  penetrate  the  fibres  of  that  muscle,  and  then 
diverging  from  each  other,  are  distributed  on  the  under  surface. 

The  right  nerve  is  placed  more  deeply  than  the  left,  and  is  at  first  directed 
along  the  outer  side  of  the  right  innominate  vein,  and  the  descending  vena 
cava. 


DEEP  CERVICAL  NERVES.— BRACHIAL  PLEXUS. 
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The  nerve  of  the  left  side  is  a  little  longer  than  that  of  the  right,  in  conse- 
quence of  the  oblique  position  of  the  pericardium  round  which  it  winds, 
aud  also  because  of  the  diaphragm  being  lower  on  this  than  on  the  opposite 
side.  This  nerve  crosses  in  front  of  the  arch  of  the  aorta  and  the  pul- 
monary artery  before  reaching  the  pericardium. 

Besides  the  terminal  branches  supplied  to  the  diaphragm,  each  phrenic  nerve  gives 
filaments  to  the  pleura  and  pericardium  ;  and  receives  sometimes  an  ofEset  from  the 
union  of  the  descendens  noni  with  the  cervical  nerves.  Swan  notices  this  union  as 
occurring  only  on  the  left  side.  Luschka  describes  twigs  from  the  lower  part  of  the 
nerve  to  the  peritoneum,  the  inferior  cava,  and  the  right  auricle  of  the  heart. 

One  or  two  filaments  of  the  nerve  of  the  right  side  join  in  a  small  ganglion  with 
branches  to  the  diaphragm  which  arc  derived  from  the  solar  plexus  of  the  sympa- 
thetic ;  and  from  the  ganglion  twigs  are  given  to  the  suprarenal  capsule,  the  hepatic 
plexus,  and  the  lower  vena  cava.  On  the  left  side  there  is  a  junction  between  the 
phrenic  and  the  sympathetic  nerves  near  the  oesophageal  and  aortic  openings  in  the 
diaphragm,  but  without  the  appearance  of  a  ganglion. 

IV.  Deep  Branches  :  External  Series. 

Muscula/r  branches. — The  sterno-mastoid  receives  a  branch  from  the 
second  cervical  nerve.  Two  branches  proceed  from  the  third  nerve  to  the 
levator  anguli  scapulae  ;  and  from  the  third  and  fourth  cervical  nerves,  as 
they  leave  the  spinal  canal,  branches  are  given  to  the  middle  scalenus 
muscle.  Further,  the  trapezius  has  branches  prolonged  to  it  ;  and  thus, 
like  the  steruo-mastoid,  this  muscle  receives  nerves  from  both  the  spinal 
accessory  and  the  cervical  plexus. 

Connection  with  the  spinal  accessory  nerve, — In  the  substance  of  the  sterno- 
mastoid  muscle,  this  nerve  is  connected  with  the  branches  of  the  cervical 
plexus  furnished  to  that  muscle.  It  is  also  connected  with  the  branches 
distributed  to  the  trapezius — the  union  between  the  nerves  being  beneath 
the  muscle,  and  having  the  appearance  of  a  plexus  ;  and  with  another 
branch  of  the  cervical  plexus  in  the  interval  between  the  two  muscles. 

Sitmmary  of  the  cervical  plexus. — From  the  cervical  plexus  are  distributed 
cutaneous  nerves  to  the  back  of  the  head,  to  part  of  the  ear  and  face,  to  the 
anterior  half  of  the  neck,  and  to  the  upper  part  of  the  trunk.  The  muscles 
supplied  with  nerves  from  the  plexus  are  the  sterno-mastoid,  the  platysma, 
and  the  lower  hyoid  muscles  in  part ;  the  anterior  recti,  the  levator  anguli 
scapulae,  the  trapezius,  the  scalenus  medius,  aud  the  diaphragm.  By  means 
of  its  branches  the  plexus  communicates  with  the  pneumo-gastric,  spinal 
accessory,  hypoglossal,  and  sympathetic  nerves. 

BRACHIAL  PLEXUS. 

This  large  plexus,  from  which  the  nerves  of  the  upper  limb  are  supplied, 
is  formed  by  the  union  of  the  anterior  trunks  of  the  four  lower  cervical  and 
first  dorsal  nerves  ;  and  it  further  receives  a  fasciculus  from  the  lowest  of 
the  nerves  (foiurth),  which  goes  to  form  the  cervical  plexus.  The  plexus 
extends  from  the  lower  part  of  the  neck  to  the  axiUary  space,  and  termi- 
nates opposite  the  coracoid  process  of  the  scapula  in  large  nerves  for  the 
supply  of  the  limb. 

The  manner  in  which  the  nerves  are  disposed  in  the  plexus  is  liable  to 
some  variation,  but  the  foUowing  may  be  regarded  as  the  arrangement  most 
frequently  met  with.  The  fifth  and  sixth  cervical  are  joined  at  the  outer 
border  of  the  scalenus,  and  a  little  farther  out  receive  the  seventh  nerve 
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-the  three  nerves  giving  rise  to  one  large  upper  cord.  The  eighth  cervical 
and  first  dorsal  nerves  are  united  in  another  lower  cord  whUst  they  are 

Fig.  425, 


Fig.  425. — Deep  Dissection  of  the  Axilla,  showing  the  Brachial  Plexus  and 
MBiOHBOUEiNa  Nerves  (from  Sappey  after  Hirscbfeld  and  Leveill^).  \ 

The  clavicle  has  been  sawn  through  near  its  sternal  end,  and  is  turned  aside  with  the 
muscles  attached  to  it ;  the  subclavius,  and  the  greater  and  lesser  pectoral  muscles  have 
been  removed  from  the  front  of  the  axilla.  1,  loop  of  union  between  the  descendens  noni 
and  a  branch  of  the  cervical  plexus  ;  2,  pneumo-gastric ;  3,  phrenic  passing  down  to  the 
inner  side  of  the  scalenus  anticus  muscle  ;  4,  anterior  primary  division  of  the  fifth  cervical 
nerve  ;  5,  the  same  of  the  sixth  ;  6,  7,  the  same  of  the  seventh  and  eighth  cervical  nerves  : 
8,  the  same  of  the  first  dorsal  nerve ;  9,  9,  branch  from  the  plexus  to  the  subclavius 
muscle,  communicating  with  the  phrenic  nerve ;  10,  posterior  thoracic  nerve  distributed 
to  the  serratus  magnus  ;  11,  upper  anterior  thoracic  nerve  passing  into  the  great  pectoral 
muscle  ;  13,  lower  anterior  thoracic  distributed  to  the  lesser  pectoral;  14,  twig  of  com- 
munication between  these  two  nerves  ;  12,  suprascapular  nerve  passing  through  the  supra- 
scapular notch  ;  15,  lower  of  the  two  subscapular  nerves  ;  16,  nerve  of  the  teres  major  ; 
17,  long  subscapular,  or  nerve  of  the  latissimus  dorsi  ;  18,  accessory  of  the  internal 
cutaneous  nerve;  19,  union  of  the  accessory  cutaneous  with  the  second  and  third  inter- 
costal nerves  ;  20,  lateral  branch  of  the  second  intercostal  ;  21,  second  internal  cutaneous 
or  nerve  of  Wrisberg  ;  22,  internal  cutaneous  nerve  ;  23,  the  ulnar  nerve  to  the  inside  of 
the  axillary  artery,  passing  behind  the  vein,  and  having,  in  this  case,  a  union  with  the 
upper  division  of  the  plexus  ;  24  ,  the  median  nerve  immediately  below  the  place  where  its 
two  roots  embrace  the  artery,  which  is  divided  above  this  place ;  25,  the  musculo-cutaneous 
nerve  passing  into  the  coraco-brachialis  muscle  ;  20,  the  musculo-spiral  nerve  passing 
behind  the  divided  brachial  artery. 


BRANCHES  OF  THE  BRACHIAL  PLEXUS. 
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between  the  scaleni  muscles.  The  two  cords  thus  formed  lie  side  by  side 
in  the  fore  part  of  the  plexus,  and  external  to  the  fir.^t  part  of  the  axillary 
vessels.  At  the  same  place,  or  lower  down,  a  third,  inter luediate,  or  posterior 
cord  is  produced  by  the  union  of  fasciculi  from  each  of  the  other  two  cords, 
or  separately  from  the  nerves  forming  them.  The  three  cords  of  which  the 
plexus  now  consists,  are  placed,  one  on  the  outer  side  of  the  axillary  artery, 
one  on  the  inner  side,  and  one  bahind  that  vessel,  and  are  continued  into 
the  principal  nerves  for  the  arm. 

The  two  fasciculi  which  unite  to  form  the  intermediate  of  the  three 
trunks  are  generally  separated  at  a  higher  level  than  the  formation  of  the 
two  other  trunks,  but  they  are  also  frequently  given  off  as  low  as  the  clavicle, 
or  even  farther  down  ;  this  gives  rise  to  some  varieties,  more  apparent  thau 
real.     The  seventh  nerve  also  may  give  a  branch  to  the  cord  below  it. 

The  branches  proceeding  from  the  plexus  are  numerous,  and  may  be 
conveniently  divided  into  two  classes — viz.,  those  that  arise  above  the 
clavicle,  and  those  that  take  origin  below  the  bone. 


BRANCHES  ABOVE  THE  CLAVICLE. 

Above  the  clavicle  there  arise  from  the  trunks  of  the  brachial  plexus,  the 
posterior  thoracic  and  suprascapular  nerves,  a  nerve  for  the  rhomboid 
muscles,  another  for  the  subclavius,  irregular  branches  for  the  scaleni  and 
longus  colli,  and  a  branch  to  join  the  phrenic  nerve. 

The  branches  for  the  scaleni  and  longtis  colli  mttscles  spring  in  an  irregular  manner 
from  the  lower  cervical  nerves  close  to  their  place  of  emergence  from  the  vertebral 
foramina. 

The  branch  for  the  rhoviboid  muscles  arises  from  the  fifth  nerve,  and  is  directed 
backwards  to  the  base  of  the  scapula  through  the  fibres  of  the  middle  scalenus,  and 
beneath  the  levator  anguli  scapulae.  It  is  distributed  to  the  deep  surface  of  the 
rhomboid  muscles,  and  gives  sometimes  a  branch  to  the  levator  scapulae. 


Fig.  426. — Distribution  of 

THE    SdPRASOAPULAR  AND 

Circumflex  Nerves  (fi-om 
Hirschfeld  and  Leveille).  i 


Fig.  426. 


a,  the  scalenus  medius  and 
posticus  muscles ;  b,  levator 
anguli  scapulae  ;  c,  acromion  ; 
d,  deltoid  muscle,  of  which 
the  back  part  has  been  de- 
t'lched  from  the  sciapula  and 
in  part  removed  ;  e,  rhomboid 
muscle;/,  teres  major;  g,  la- 
tissimus  dorsi;  1,  the  brachial 
plexus  of  nerves  as  seen  from 
behind  ;  1',  the  nerve  of  the 
levator  scapulae  and  rhomboid 
muscles ;  'Z,  placed  on  the 
clavicle,  marks  the  supra- 
scapular nerve ;  3,  its  branch 
to  the  supraapinatus  muscle; 

4,  branch  to  the  infraspinatus ; 

5,  placed  on  the  back  of  the 
humerus  below  the  insertion 
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The  nerve  of  the  suhdavius  mmcle,  of  small  size,  arises  from  the  front  of  the  cord 
■which  results  from  the  union  of  the  fifth  and  sixth  cervical  nerves.  It  is  directed 
over  the  outer  part  of  the  subclavian  artery  to  the  deep  surface  of  the  subclavius 
muscle.  This  small  nerve  is  commonly  connected  with  the  phrenic  nerve  in  the  neck 
or  in  the  chest,  by  means  of  a  slender  filament. 

Branch  to  join  the  phrenic  nerve.— ThiB  small  and  short  branch  is  an  offset  from 
the  fifth  cervical  nerve;  it  joins  the  phrenic  nerve  on  the  anterior  scalenus  muscle. 

POSTERIOR  THORACIO  NERVE. 

The  posterior  thoracic  nerve  (nerve  of  the  serratus  magnus,  external 
respii-atory  of  Bell)  is  formed  in  the  substance  of  the  middle  scalenus  muscle 
by  two  roots,  one  from  the  fifth  and  another  from  the  sixth  nerve,  and  reaches 
the  surface  of  the  scalenus  lower  than  the  nerve  of  the  rhomboid  muscles, 
with  which  it  is  often  connected.  It  descends  behind  the  brachial  plexus 
on  the  outer  surface  of  the  serratus  magnus,  nearly  to  the  lower  border  of 
that  muscle,  supplying  it  with  numerous  branches. 

SUPRASCAPULAR  NERVE. 

The  suprascapular  nerve  arises  from  the  back  of  the  cord  formed  by  the 
tmion  of  the  fifth  and  sixth  nerves,  and  bends  beneath  the  trapezius  to  the 
upper  border  of  the  scapula,  where  it  passes  between  the  muscles  and  the 
bone.  Entering  the  supraspinous  fossa  of  the  scapula,  through  the  supra- 
scapular notch  (beneath  the  ligament  which  crosses  the  notch),  the  supra- 
scapular nerve  supplies  two  branches  to  the  supraspinatus,  one  near  the 
upper,  the  other  near  the  lower  part  of  the  muscle  ;  and  it  then  descends 
through  the  great  scapular  notch  into  the  lower  fossa,  where  it  ends  in  the 
infraspinatus  muscle. 

In  the  upper  fossa  of  the  scapula,  a  slender  articular  filament  is  given  to  the 
shoulder-joint,  and  in  the  lower  fossa  other  twigs  of  the  nerve  enter  the  same  joint 
and  the  substance  of  the  scapula. 


BRANCHES  BELOW  THE  CLAVICLE. 

Origin  of  nerves  from  the  plexus. — The  several  nerves  now  to  be  described 
are  derived  from  the  three  great  cords  of  the  plexus  in  the  following  order. 

From  the  upper  or  outer  cord, — the  external  of  the  two  anterior  thoracic 
nerves,  the  musculo-cutaneous,  and  the  outer  root  of  the  median. 

From  the  lower  or  inner  cord, — the  inner  of  the  two  anterior  thoracic,  the 
nerve  of  Wrisberg,  the  internal  cutaneous,  the  ulnar,  and  the  inner  root  of 
the  median. 

From  the  posterior  cord,— the  subscapular  nerves,  the  circumflex,  and 
the  musculo-spiral. 

The  nerves  traced  to  the  spinal  nerves.— li  the  fasciculi  of  which  the  principal 
nerves  are  composed  be  followed  through  the  plexus,  they  may  be  traced  to  those  of 
the  spinal  nerves  which  in  the  subjoined  table  are  named  along  with  each  trunk. 
The  higher  numbers  refer  to  the  cervical  nerves,  the  unit  to  the  dorsal  nerve  :— 

Subscapular  from       .       .  ]  l^liar  ....    8.1.  or  7.8.1. 

Circumflex     .       .       •     >  5.6.7.8. 
Musculo-spiral    .       •  •) 
External  cutaneous .  • 
Median      .       •       •       •  0-6.7.8.1. 


Internal  cutaneous    .     )  g  ^ 

Small  internal  cutaneous  J 

,  ^  .  ^,  .  )  outer  5.6.7. 
Anterior  thoracic       .^^^^  ^^^^ 


The  outline  in  Fig.  423,  taken  from  a  dissection,  represents  one  of  the  most 
common  arrangements. 
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Some  difFerences  -will  be  found  in  the  statements  of  anatomists  who  have 
investigated  the  subject— for  instance,  Scarpa  ("  Annotationes  Anatom.")  and  ICroncn- 
berg  ("  Plex.  nervor.  Structura  et  Virtutes") — with  respect  to  the  nerves  to  which 
the  branches  are  assigned.  This  diflference  is  mainly  owing  to  the  variation  which 
actually  exists  in  ditt'erent  cases. 

ANTERIOR  THORACIC  NERVES. 

The  anterior  thoracic  nerves,  two  in  number,  supply  the  pectoral 
muscles. 

The  external,  or  more  superficial  branch,  arising  from  the  outer  cord, 
crosses  inwai'ds  over  the  axillary  artery,  and  terminates  in  the  great  pectoral 
muscle. 

The  internal,  or  deeper  branch,  springing  from  the  inner  cord,  comes 
forwards  between  the  axillary  artery  and  vein  to  the  small  pectoral  muscle, 
and  is  joined  by  a  branch  from  the  external.  This  nerve  presents  a  plexi- 
form  division  beneath  the  small  pectoral  muscle,  and  supplies  branches  to 
it  and  the  larger  pectoral  muscle.  The  two  nerves  are  connected  by  a  fila- 
ment which  forms  a  loop  over  the  artery  at  the  inner  side. 


Fig.  427. 


SUBSCAPULAR  NERVES. 

These  nerves,  three  in  number,  take  origin  from 
the  posterior  cord  of  the  plexus. 

The  upper  nerve,  the  smallest  of  the  sub- 
scapular nerves,  penetrates  the  upper  part  of  the 
subscapular  muscle.  The  lower  nerve  gives  a 
branch  to  the  subscapularis  at  its  axillary  border, 
and  ends  in  the  teres  major  muscle.  There  is 
sometimes  a  distinct  nerve  for  the  last-named 
muscle. 

The  long  subscapular  nerve,  the  largest  of  the 
three,  runs  along  the  lower  border  of  the  sub- 
scapular muscle  to  the  latissimus  dorsi,  to  which 
it  is  distributed. 

Fig.    427. — DlSTRIBITTION   OP  THE    POSTERIOR  CuTANEOTTS 

Nerves  of  the  Shodlder  and  Arm  (from  HirscLfeld 
and  Leveilld).  J 

1,  supra-acromial  branches  of  the  cervical  nerves  de- 
scending on  the  deltoid  muscle ;  2,  ascending  or  reflected, 
and  2',  descending  cutaneous  branches  of  the  circumflex 
nerve  ;  3,  infei-ior  external  cutaneous  of  the  musculo-spiral 
nerve  ;  i,  external  and  posterior  cutaueous  branches  of  the 
musculo-cutaneous  nerve  to  the  forearm ;  5,  internal 
cutaneous  of  the  musculo-spiral;  6,  iutercosto-humeral 
branches  ;  7,  twigs  of  the  nerve  of  Wrisberg ;  8,  upper 
posterior  branch  of  the  internal  cutaneous  nerve  j  9  lower 
branch  of  the  same.  ' 


CIRCUMFLEX  NERVE. 

The  circumflex  or  axillary  nerve  gives  both 
muscular  and  cutaneous  nerves  to  the  shoulder 
Springing  from  the  posterior  cord,  this  nerve  is  at 
first  placed  behind  the  axiUaiy  artery,  but  at  the 
lower  border  of  the  subscapular  muscle  it  is  inclined  backwards  with  the 
posterior  cnrcumflex  artery,  in  the  space  between  the  scapula  and  teres 
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major  muscle  above  the  long  head  of  the  triceps,  and  separates  into  an 
upper  and  a  lower  branch,  which  are  distributed  to  the  deltoid  and  teres 
minor  muscles,  the  integument  of  the  shoulder,  and  the  shoulder  joint. 

ff.  The  upper  portion  winds  round  the  upper  part  of  the  humerus,  extending  to  the 
anterior  border  of  the  deltoid  muscle,  to  which  it  is  distributed.  One  or  two 
cutaneous  flaments,  penetrating  between  the  muscular  fibres,  are  bent  downwards, 
and  supply  the  integument  over  the  lower  part  of  the  muscle. 

h.  The  lower  branch  supplies  offsets  to  the  back  part  of  the  deltoid,  and  furnishes 
the  nerve  to  the  teres  minor,  which  is  remarkable  in  presenting  a  gangliform  enlarge- 
ment. It  then  turns  round  the  posterior  border  of  the  deltoid  below  the  middle,  and 
ramifies  in  the  integument  over  the  lower  two-thirds  of  that  muscle,  one  branch 
extending  to  the  integument  over  the  long  head  of  the  triceps  muscle. 

r.  An  articular  filament  for  the  shoulder-joint  arises  near  the  commencement  of 
the  nerve,  and  enters  the  capsular  ligament  below  the  subscapular  muscle. 

INTERNAL  CUTANEOTTS  NERVE. 

At  its  origin  from  the  inner  cord  of  the  brachial  plexus,  this  nerve  is 
placed  on  the  inner  side  of  the  axillary  artery.  It  becomes  cutaneous  about 
the  middle  of  the  arm,  and  after  perforating  the  fascia,  or,  in  some  cases, 
before  doing  so,  is  divided  into  two  parts ;  one  destined  for  the  anterior, 
the  other  for  the  posterior  surface  of  the  forearm. 

a.  The  anterior  branch  crosses  at  the  bend  of  the  elbow  behind  (in  some  cases 
over)  the  median  basilic  vein,  and  distributes  filaments  in  front  of  the  forearm,  as 
far  as  the  wrist ;  one  of  these  is,  in  some  instances,  joined  with  a  cutaneous  branch 
of  the  ulnar  nerve. 

b.  The  posterior  branch  inclines  obliquely  downwards  at  the  inner  side  of  the  basilic 
vein,  and  winding  to  the  back  of  the  forearm,  over  the  prominence  of  the  internal 
condyle  of  the  humerus,  extends  somewhat  below  the  middle  of  the  forearm.  Above 
the  elbow  this  branch  is  connected  with  the  smaller  internal  cutaneous  nerve  (nerve 
of  Wrisberg),  and  afterwards  communicates  with  the  outer  portion  of  the  internal 
cutaneous,  and,  according  to  Swan,  with  the  dorsal  branch  of  the  ulnar  nerve. 

c.  A  branch  to  the  integument  of  the  arm  pierces  the  fascia  near  the  axilla,  and 
reaches  to,  or  nearly  to  the  elbow,  distributing  filaments  outwards  over  the  biceps 
muscle.    This  branch  is  often  connected  with  the  intercosto-humeral  neiTC. 


SMALL  INTERNAL  CXTTANEOTJS  NERVE. 

The  smaller  internal  cutaneous  nerve,  or  nerve  of  Wrisberg,  destined  for 
the  supply  of  the  integument  of  the  lower  half  of  the  upper  arm  on  the 
inner  and  posterior  aspect,  commonly  arises  from  the  inner  cord  of  the 
brachial  plexus  in  union  with  the  larger  internal  cutaneous  and  ulnar 
nerves.  In  the  axilla  it  lies  close  to.  the  axillary  vein,  but  it  soon  appears 
on  the  inner  side  of  that  vessel,  and  communicates  with  the  intercosto- 
humeral  nerve.  It  then  descends  along  the  inner  side  of  the  brachial 
vessels  to  about  the  middle  of  the  arm,  where  it  pierces  the  fascia,  and  its 
filaments  are  thence  continued  to  the  interval  between  the  internal  condyle 
of  the  humerus  and  the  olecranon. 

Branches. — In  the  lower  third  of  the  arm,  branches  of  this  small  nerve  are  directed 
almost  horizontally  to  the  integument  ou  the  posterior  aspect ;  and  the  nerve  ends 
at  the  elbow  by  dividing  into  several  filaments,  some  of  which  are  directed  forwards 
over  the  inner  condyle  of  the  humerus,  while  others  are  prolonged  downwards 
behind  the  olecranon. 

Connection  with  the  intercosto-humeral  nerve.— ^his  connection  presents  much 
variety  in  different  cases :— in  some,  there  are  two  or  more  intercommunications,  form- 
ing a  kind  of  plexus  on  the  posterior  boundary  of  the  axillary  space ;  in  others,  the 
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intercosto-humeral  nerve  is  of  larger  size  than  usual,  and  takes  the  place  of  <;he  nerve 
of  Wrisberg,  only  receiving  in  the  axilla  a  small  filament  from  the  brachial  plexus, 


Fig.  428. 


Fig.  429. 


Fig.  428.— Anterior  Cotankoos  Nervks  op  the  Shoulder  and  Arm  (from  Sannev  after 

Hirschfeld  and  Leveill^).    ^  \  i^f  j 

1,  1,  supraclavicular  and  supraacromial  nerves  from  the  cervical  plexus  -222 
cuUneous  branches  of  the  circumflex  nerve ;  3,  4,  upper  branches  of  the  internal  cuta- 
neous nerve  ;  5,  superior  external  cutaneous  branch  of  the  musculo-spiral  •  6  internal 
cutaneous  nerve  piercing  the  deep  fascia ;  7,  posterior  branch ;  8,  commun'icatine  twis 
with  one  of  the  anterior  branches  ;  9,  10,  anterior  branches  of  this  nerve  some  turnine 
round  the  median  basilic  and  ulnar  veins  ;  11,  musculo-cutaneous  nerve  descendiue  over 
the  median  cephalic  vem ;  12,  inferior  cutaneous  branch  of  the  musculo-spiral  nerve. 

Fig.  429.— Anterior  Cotaneous  Nerves  of  the  Forearm  and  Hand  (from  Sannev 

after  Hirschfeld  and  Leveille).    |  "-^vy^j 
9,  10,  13,  distribution  of  the  anterior  branches  of  the  internal  cutaneous  nerve  •  14 
union  of  one  of  these  with  a  twig  of  the  ulnar  nerve  ;  12,  inferior  cutaneous  branch  of 
the  musculo-spiral  nerve  ;  11,  15,  distribution  of  the  external  cutaneous  nerve  16 
union  of  one  of  ,ts  branches  with  17,  the  terminal  branch  of  the  S  n"ve  ^  18 

ChVs  trtre\iumb  f^Li'^r'T  -J  elrLl  col'terai 

TZr    22   2?  .Sr.   I  K      ^  "'"'^'''J''  ^'^'^^  :  21,  external  collateral  to  the  index 
iTL'        23,  collateral  branches  to  the  index,  middle  and  fourth  fingers  -  24  25 
collateral  branches  from  the  ulnar  neryp  fn  tho  f^„,.fi      i  cr.i  c         "ugera  ,  za. 


6i8 


NERVES  OF  THE  UPPER  LIMB. 


and  this  small  communicating  filament  represents  in  such  cases  the  nerve  of 
Wrisberg. 

MT7SCDL0-0UTANEOUS  NEUVE, 

The  musculo-cutaneous  or  external  cutaneous  nerve  (perforans  Casserii)  is 
deeply  placed  between  the  muscles  as  far  as  the  elbow,  and  below  that  point 
13  immediately  under  the  integument.  Arising  from  the  brachial  plexus 
opposite  the  small  pectoral  muscle,  it  perforates  the  coraco-brachialis  muscle, 
and,  passing  obliquely  across  the  arm  between  the  biceps  and  brachialis 
anticus  muscles,  reaches  the  outer  side  of  the  biceps  a  little  above  the 
elbow.  Here  it  perforates  the  fascia,  and  nearly  opposite  the  elbow-joint  it 
passes  behind  the  median-cephalic  vein,  and,  inclining  outwards,  divides 
into  two  branches  which  supply  the  integument  on  the  outer  side  of  the 
forearm,  one  on  the  anterior,  the  other  on  the  posterior  aspect 

A.  Branches  in  the  arm  : — 

a.  A  branch  to  the  coraco-brachialis  and  short  head  of  the  biceps  is  given  oflf  before 
the  nerve  pierces  the  former  muscle ;  and  other  filaments  are  furnished  to  the  coraco- 
brachialis,  while  the  nerve  lies  among  its  fibres. 

b.  Branches  to  the  biceps  and  brachialis  anticus  are  given  ofi^  while  the  nerve  is 
between  those  muscles. 

c.  Small  filaments  are  given  to  the  humerus  and  elbow  joint. 

B,  Branches  in  the  forearm : — 

a.  The  anterior  branch  descends  near  the  radial  border  of  the  forearm.  It  is 
placed  in  front  of  the  radial  artery  near  the  wrist,  and  distributes  some  filaments 
over  the  ball  of  the  thumb.  Piercing  the  fascia,  it  accompanies  the  artery  to  the 
back  part  of  the  carpus.  This  part  of  the  nerve  is  connected  at  the  wrist  with  a 
branch  of  the  radial  nerve. 

b.  The  posterior  branch  is  directed  outwards  to  the  back  of  the  forearm,  and 
ramifies  in  the  integument  of  the  lower  third,  extending  as  far  as  the  wrist.  It  com- 
municates with  a  branch  of  the  radial  nerve,  and  with  the  external  cutaneous  branch 
of  the  musculo- spiral  nerve. 

Summary. — The  musculo-cutaneous  nerve  supplies  the  coraco-brachialis, 
biceps  and  brachialis  anticus  muscles,  and  the  integument  on  the  outer 
side  of  the  forearm.  Communications  are  established  between  it  and  the 
radial  and  the  external  cutaneous  branch  of  the  musculo-spirah 

Varieties. — In  some  cases  it  does  not  perforate  the  coraco-brachialis 
muscle.  It  is  frequently  found  to  communicate  by  a  cross  branch  with  or  to 
be  an  offset  of  the  median  nerve  ;  and  in  the  latter  case,  the  coraco-brachialis 
muscle  receives  a  separate  branch  from  the  brachial  plexus,  which  may  be 
explained  thus, — that  the  main  part  of  the  musculo-cutaneous  nerve,  instead 
of  piercing  the  coraco-brachialis  muscle,  remains  adherent  to  the  outer  root 
and  trunk  of  the  median. 

ULNAR  NEKVE. 

The  ulnar  nerve,  the  largest  branch  of  the  inner  cord  of  the  brachial 
plexus,  descends  on  the  inner  side  of  the  artery  of  the  limb  as  far  as  the 
middle  of  the  arm,  then  turns  backwards  through  the  internal  intermuscular 
septum  with  the  inferior  profunda  artery,  to  reach  the  interval  between  the 
olecranon  and  the  inner  condyle  of  the  humerus.  From  the  axilla  to  this 
place  it  is  covered  only  by  the  fascia,  and  it  may  be  felt  through  the  integu- 
ment a  little  above  the  elbow.  It  here  passes  between  the  two  heads  of 
the  flexor  carpi  ulnaris,  and  it  remains  concealed  by  that  muscle  as  far  as  the 
middle  of  the  forearm  ;  it  thence  extends  in  a  straight  course  along  the 
outer  margin  of  the  muscle,  between  it  and  the  ulnar  artery,  to  the  outer 
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side  of  the  pisiform  bone.    Above  the  wrist  it  gives  oflf  a  large  dorsal  branch 
to  the  hand,  and  continuing  onwards  it  enters  the  palm  on  the  surface  of 
the  annular  litrament,  and  divides  into  muscular  and  cutaneous  branches. 
The  ulnar  nerve  gives  off  no  branches  in  the  u^jper  arm. 

A.  Branches  in  the  forearm : — 

a.  Articular  f  laments  are  given  to  the  elbow  joint  as  the  nerve  passes  behind  it. 
Some  filaments  are  also  given  to  the  wrist  joint. 

b.  Muscular  branches. — One  branch  outers  the  upper  part  of  the  flexor  carpi 
ulnaris,  and  another  supplies  the  two  inner  divisions  of  the  deep  flexor  of  the  fingers.* 

c.  Cutaneoti3  branches  to  the  forearm. — These  two  small  nerves  arise  about  the 
middle  of  the  forearm  by  a  common  trunk.  One  pierces  the  fascia,  and  turning 
downwards,  joins  a  branch  of  the  internal  cutaneous  nerve.  This  branch  is  often 
absent.  The  second,  Vi  palmar  branch,  lies  on  the  ulnar  artery,  which  it  accompanies 
to  the  hand.  This  little  nerve  gives  filaments  around  the  vessel,  and  ramifies  in  the 
integument  of  the  hand,  joining  in  some  cases  with  other  cutaneous  oflfsets  of  the 
ulnar  or  median  nerve. 

d.  Dorsal  branch  to  the  hand. — This  large  oflTset,  leaving  the  trunk  of  the  ulnar 
nerve  two  or  three  inches  above  the  wrist,  winds  backwards  beneath  the  flexor  carpi 
ulnaris,  and  divides  into  branches ;  one  of  these  ramifies  on  the  inner  side  of  the 
little  finger,  another,  divides  to  supply  the  contiguous  sides  of  that  finger  and  the 
ring  finger,  while  a  third  joins  on  the  back  of  the  metacarpus  with  the  branch  of  the 
radial  nerve  which  supplies  the  contiguous  sides  of  the  ring  and  middle  finger.  The 
several  posterior  digital  nerves,  now  described,  are  united  with  twigs  directed  back- 
wards from  the  anterior  digital  nerves  of  the  same  fingers. 

B.  Palmar  h-anches  : — 

a.  The  deep  branch  separates  from  the  trunk  beyond  the  annular  ligament,  and 
dipping  down  through  the  muscles  of  the  little  finger  in  company  with  the  deep 
branch  of  the  ulnar  artery,  it  follows  the  course  of  the  deep  palmar  arch  across  the 
hand.  It  supplies  the  short  muscles  of  the  little  finger  as  it  pierces  them  ;  and  as  it 
lies  across  the  metacarpal  bones,  it  distributes  two  branches  to  each  interosseous 
space — one  for  the  palmar,  the  other  for  the  dorsal  interosseous  muscle,  and  supplies 
filaments  to  the  two  innermost  lumbricales  muscles.  Opposite  the  space  between  the 
thumb  and  the  index  finger  the  nerve  ends  in  branches  to  the  adductor  pollicis,  and 
the  inner  head  of  iHie  flexor  brevis  pollicis. 

b.  The  remaining  part  of  the  nerve  supplies  a  branch  to  the  palmaris  brevis  muscle 
and  small  twigs  to  the  integument,  and  divides  into  two  digital  branches. 

Digital  nerves.— One  of  these  belongs  to  the  ulnar  side  of  the  little  finger.  The 
other  is  connected  in  the  palm  of  the  hand  with  a  digital  branch  of  the  median  nerve, 
and  at  the  cleft  between  the  little  and  ring  fingers,  divides  into  the  collateral  nerves 
for  these  fingers.  The  terminal  disposition  of  the  digital  branches  on  the  fingers  ia 
the  same  as  that  of  the  median  nerve,  to  be  presently  described. 

Summary. — The  ulnar  nerve  gives  cutaneous  filaments  to  the  lower  part 
of  the  forearm  (to  a  small  extent),  and  to  the  hand  on  its  palmar  and 
dorsal  aspects.  It  supplies  the  following  muscles,  viz.,  the  ulnar  flexor  of 
the  carpus,  the  deep  flexor  of  the  fingers  (its  inner  half),  the  short  muscles 
of  the  little  finger  with  the  palmaris  brevis,  the  interosseous  muscles  of  the 
hand,  the  two  internal  lumbricales,  the  adductor  pollicis  and  the  inner 
half  of  the  flexor  brevis  pollicis.  Lastly,  it  contributes  to  the  nervous 
supply  of  the  elbow  and  wrist  joints. 

MEDIAN  NERVE. 

The  median  nerve  arises  by  two  roots,  one  from  the  outer,  the  other  from 
the  inner  cord  of  the  brachial  plexus.     Commencing  by  the  union  of  these 

npI«r^r>.nJ!-?i-r  ''""'/t' ^     ^H'fl'r*''°  ""^e  «"Pl'l!ed  also  two  branches  to  the 

flexor  subhmis  digitorum  (Turner,  "Nat.  Hist.  Review,"  1864). 
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Fig.  430. — Deep  View  op  the  Anteuior  Nerves  of  the  Shoulder  and  Arm  (from 
Sappey  after  Hirschfeld  and  Leveill^).  ^ 

1,  musculo-cutaneous  nerve  ;  2,  its  twig  to  the  coraco-brachialis  muscle  ;  3,  its  branch 
to  the  biceps  ;  4,  its  branch  to  the  bracbialis  anticus  ;  5,  twig  of  union  with  the  median 
nerve  (a  variety) ;  6,  continuation  of  the  nerve  in  its  cutaneous  distribution  ;  7,  musculo- 
spiral  nerve  in  the  interval  between  the  brachialis  anticus  and  supinator  longus  ;  8,  inferior 
external  cutaneous  branch  of  the  musoulo-spiral ;  9,  the  internal  cutaneous  and  small 
internal  cutaneous  nerves  divided  ;  10,  anterior  branch  of  the  internal  cutaneous  ;  11, 
median  nerve  ;  to  the  inside  the  ulnar  nerve  is  crossed  by  the  line  from  11. 

Fig.  431. — Deep  View  op  the  Anterior  Nerves  op  the  Forearm  and  Hahd  (from 
Sappey  after  Hirschfeld  and  Leveille).  | 

12,  the  median  nerve  ;  13,  its  branches  to  the  pronator  teres ;  14,  branch  to  the  super- 
ficial flexor  muscles,  which  have  been  removed  ;  15,  branch  to  the  flexor  digitorum  pro- 
fundus; 16,  branch  to  the  flexor  longus  pollicis  ;  17,  anterior  interosseous  branch  ;  18, 
cutaneous  palmar  branch  cut  short ;  19,  branches  to  the  short  muscles  of  the  thumb  ; 
20,  21,  collateral  branches  to  the  thumb  ;  22,  23,  24,  collateral  branches  to  the  second, 
third,  and  fourth  fingers  ;  25,  branch  given  by  the  ulnar  nerve  to  the  tlexor  carpi  ulnaris ; 
26,  branch  to  the  flexor  digitorum  profundus  ;  27,  cutaneous  communicating  twig  ;  28, 
dorsal  branch  of  the  ulnar;  29,  superficial  palmar  branch  ;  30,  31,  collateral  branches 
to  the  fourth  and  fifth  fingers  ;  3i,  deep  palmar  branch  ;  33,  its  branch  to  the  short 
muscles  of  the  little  finger  ;  34,  35,  36,  twigs  given  by  the  deep  branch  of  the  ulnar  to 
the  third  and  fourth  lumbricales,  all  the  interossei,  and  the  adductor  pollicis. 
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roots  in  front  or  on  tlie  outer  side  of  the  axillaiy  artery,  the  nerve  descends 
in  contact  with  the  brachial  artery,  gradually  passing  inwards  over  it, 
and  near  the  elbow  is  at  the  inner  side  of  the  vessel.  Crossing  the  bend  of 
the  arm  it  passes  beneath  the  prouator  radii  teres,  separated  by  the  deep  slip 
of  that  muscle  from  the  uluar  artery,  and  continues  straight  down  the  front 
of  the  forearm,  between  the  flexor  sublimis  digitorum  and  flexor  profundus. 
Arrived  near  the  wrist  it  lies  beneath  the  fascia,  between  the  tendons  of  the 
flexor  sublimis  and  that  of  the  flexor  carpi  radialis.  It  then  enters  the 
palm  behind  the  annular  ligament,  and  rests  on  the  flexor  tendons.  Some- 
what enlarged,  and  of  a  slightly  reddish  colour,  it  here  separates  into  two 
parts  of  nearly  equal  size.  One  of  these  (the  external)  supplies  some 
of  the  short  muscles  of  the  thumb,  and  gives  digital  branches  to  the  thumb 
and  the  index  finger ;  the  second  portion  supplies  the  middle  finger,  and 
in  part  the  index  and  ring  fingers. 

The  median  nerve  gives  no  branch  to  the  upper  arm. 

A.  Branches  in  the  forearm  : — 

In  the  forearm  the  median  nerve  supplies  muscular  branches,  and,  near 
the  wrist,  a  single  cutaneous  filament.  All  the  muscles  on  the  front  of  the 
forearm  (pronators  and  flexors),  except  the  flexor  carpi  ulnaris  and  part  of 
the  deep  flexor  of  the  fingers,  are  supplied  from  this  nerve. 

a.  The  branches  for  the  superficial  muscles  are  separate  twigs  giyen  ofi"  from  the 
nerve  below  or  near  the  elbow-joiat,  but  the  branch  furnished  to  the  pronator  teres 
often  arises  above  the  joint. 

b.  Antd-ior  inlei-osseous  nerve. — This  is  the  longest  branch  of  the  median  nerve, 
and  it  supplies  the  deeper  muscles  of  the  forearm.  Commencing  at  the  upper  pai"t 
of  the  forearm,  beneath  the  superficial  flexor  of  the  fingers,  it  passes  downwards 
with  the  anterior  interosseous  artery  on  the  interosseous  membrane,  and  between 
the  long  flexor  of  the  thumb  and  the  deep  flexor  of  the  fingers,  to  the  pronator 
quadratus  muscle,  in  which  it  ends. 

c.  The  cutaneous  j^almar  branch  pierces  the  fascia  of  the  forearm  close  to  the 
annular  ligament,  and  descending  over  that  ligament,  ends  in  the  integument  of 
the  palm  about  the  middle ;  being  connected  by  a  twig  with  the  cutaneous  palmar 
branch  of  the  ulnar  nerve.  It  distributes  some  filaments  over  the  ball  of  the  thumb, 
which  communicate  with  twigs  of  the  radial  or  the  external  cutaneous  nerve. 

B.  Branches  in  the  hand  : — 

a.  Branch  to  muscles  of  the  thumb. — This  short  nerve  subdivides  into  branches  for 
the  abductor,  the  opponens,  and  the  outer  head  of  the  flexor  brevis  pollicis  muscle. 

b.  Digital  7ie?-tJes.— These  are  five  in  number,  and  belong  to  the  thumb,  and  the 
fingers  as  far  as  the  outer  side  of  the  ring  finger.  As  they  approach  the  clefts 
between  the  fingers,  they  are  close  to  the  integument  in  the  intervals  between  the 
longitudinal  divisions  of  the  palmar  fascia. 

The  first  and  second  nerves  lie  along  the  sides  of  the  thumb ;  and  the  former  (the 
outer  one)  is  connected  with  the  radial  nerve  upon  the  ball  of  the  thumb. 

The  third,  destined  for  the  radial  side  of  the  index  finger,  gives  a  muscular  branch 
to  the  first  or  most  external  lumbrical  muscle. 

The  fourth  supplies  the  second  lumbricalis,  and  divides  into  branches  for  the 
adjacent  sides  of  the  index  and  middle  fingers. 

The  ffth  the  most  internal  of  the  digital  nerves,  is  connected  by  a  crossing  twig 
with  the  ulnar  nerve,  and  divides  to  furnish  branches  to  the  adjacent  sides  of  the 
rmg  and  middle  fingers. 

Each  digital  ner^^e  divides  at  the  end  of  the  finger  into  two  branches,  one 
of  which  supplies  the  ball  on  the  fore  part  of  the  finger ;  the  other  ramifies 
in  the  pulp  beneath  the  nail.  Branches  pass  from  each  nerve  forwards  and 
backwards  to  the  integument  of  the  finger  ;  and  one  larger  than  the  rest 
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inclines  backwards  by  the  side  of  the  first  phalanx  of  the  6nger,  and  after 
joining  the  dorsal  digital  nerve,  ends  in  the  integument  over  the  last 
phalanx. 

Fig.  432.— DisTRinuTiON  op  the  Digital  Nerves  (from  Hirsclifeld  and 

Leveilld).  ^ 

1,  palmar  collateral  nerve  ;  2,  its  final  palmar  distribution  ;  3,  its 
dorsal  or  ungual  distribution,  and  between  these  numbers  the  network  of 
terminal  filaments  ;  4,  collateral  dorsal  nerve ;  5,  uniting  twigs  passing 
between  the  dorsal  and  palmar  digital  nerves. 

Nummary. — The  median  nerve  gives  cutaneous  branches  to 
the  palm,  and  to  several  fingers.  It  supplies  the  pronator 
muscles,  the  flexors  of  the  carpus  and  the  long  flexors  of  the 
fingers  (except  the  ulnar  flexor  of  the  carpus,  and  part  of  the 
deep  flexor  of  the  fingers),  likewise  the  outer  set  of  the  short 
muscles  of  the  thumb,  and  two  lumbricales. 

Some  similarity  will  be  observed  between  the  course  and 
distribution  of  the  median  and  ulnar  nerves.  Neither  gives 
any  ofi"set  in  the  arm.  Together  they  supply  all  the  muscles 
in  front  of  the  forearm  and  in  the  hand,  and  together  they  supply  the 
skin  of  the  palmar  surface  of  the  hand,  and  impart  tactile  sensibility  to  all 
the  fingers. 

MITSCULO- SPIRAL  NERVE. 

The  musculo-spiral  nerve,  the  largest  oflfset  of  the  brachial  plexus, 
occupies  chiefly  the  back  part  of  the  limb,  and  supplies  nerves  to  the  ex- 
tensor muscles,  as  well  as  to  the  skin. 

Arising  behind  the  axillary  vessels  from  the  posterior  cord  of  the  brachial 
plexus,  of  which  it  is  the  principal  continuation  and  the  only  one  prolonged 
into  the  arm,  it  soon  turns  backwards  into  the  musculo-spiral  groove,  and, 
accompanied  by  the  superior  profunda  artery,  proceeds  along  that  groove, 
between  the  humerus  and  the  triceps  muscle,  to  the  outer  side  of  the  limb.  It 
then  pierces  the  external  intermuscular  septum,  and  descends  in  the  interval 
between  the  supinator  longus  and  the  brachialis  anticus  muscle  to  the  level  of 
the  outer  condyle  of  the  humerus,  where  it  ends  by  dividing  into  the  radial  and 
posterior  interosseous  nerves.  Of  these,  the  radial  is  altogether  a  cutaneous 
nerve,  and  the  posterior  interosseous  is  the  muscular  nerve  of  the  back  of 
the  forearm. 

The  branches  of  the  musculo-spiral  nerve  may  be  classified  according  as 
they  arise  on  the  inner  side  of  the  humerus,  behind  that  bone,  or  on  the 
outer  side. 

A,  Internal  branches  : — 

(a)  Muscular  tranches  for  the  inner  and  middle  heads  of  the  triceps.  That  for 
the  inner  portion  of  the  muscle  is  long  and  slender ;  it  lies  by  the  side  of  the  ulnar 
nerve,  and  reaches  as  far  as  the  lower  third  of  the  upper  arm.  One  branch,  previously 
noticed  by  authors,  but  more  particularly  described  by  Krause,  is  named  by  him  the 
ulnar  collateral  branch.  It  arises  opposite  the  outer  border  of  the  latissimus  dorsi 
tendon,  and  descends  within  the  sheath  of  the  ulnar  nerve,  through  the  internal 
intermuscular  septum,  and  is  distributed  to  the  short  inferior  fibres  of  the  triceps 
(Reichert  and  Du  Bois  Reymond's  Archiv.  1864). 

(6)  The  internal  cutaneous  branch  of  the  musculo-spiral  nerve,  commonly  united  in 
origin  with  the  preceding,  winds  backwards  beneath  the  intercosto-humeral  nerve, 
and  after  supplying  filaments  to  the  skin,  ends  about  two  inches  from  the  olecranon ; 
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in  some  instances  extending  as  far  as  the  olecranon.  This  nerve  is  accompanied  by  a 
small  cutaneous  artei^y. 

B.  Posterior  branches : — 

These  consist  of  a  fasciculus  of  imtsnilar  branches  which  supply  the  outer  head  of  the 
triceps  muscle  and  the  anconeus.  The  branch  of  the  anconeiis  is  slender,  and  remark- 
able for  its  length ;  it  descends  in  the  substance  of  the  triceps  to  reach  its  destination. 

C.  External  h-anches  : — 

(a)  The  rmiscular  branches  supply  the  supinator  longus,  extensor  carpi  radialis 
longior,  (the  extensor  carpi  radialis  brevior  receiving  its  nerve  from  the  posterior 
interosseous,)  and  occasionally  give  a  small  branch  to  the  brachial  is  anticus. 

(6)  The  external  cutaneous  brandies,  two  in  number,  arise  where  the  nerve  pierces 
the  external  intermuscular  septum. 

The  upper  branch,  the  smaller  of  the  two,  is  directed  downwards  to  the  fore  part 
of  the  elbow,  along  the  cephalic  vein,  and  distributes  filaments  to  the  lower  half  of 
the  upper  arm  on  the  anterior  aspect.  The  lower  branch  extends  as  far  as  the  wrist, 
distributing  offsets  to  the  lower  half  of  the  arm,  and  to  the  fore  arm,  on  tlieir  pos- 
terior aspect,  and  is  connected  near  the  wrist  with  a  branch  of  the  external  cutaneous 
nerve. 


Fig.  433. — Dorsal  Cctaneocs  Nerves 
OF  THE  Hand.  ^ 

The  distribution  delineated  in  this 
figure  is  not  the  most  common,  there  being 
a  larger  than  usual  branch  of  the  ulnar 
nerve  :  1,  the  radial  nerve  descending 
beside  the  principal  radial  cutaneous  vein  ; 
2,  and  3,  dorsal  branches  to  the  two  sides 
of  the  thumb  ;  4,  branch  to  the  radial 
side  of  the  forefinger ;  5,  branch  to  the 
forefinger  and  middle  finger,  and  com- 
municating with  one  from  the  ulnar  nerve  ; 

6,  the  posterior  branch  of  the  ulnar  nerve  ; 

7,  communicating  twig ;  8,  collateral 
branch  to  the  middle  and  ring  fingers ; 
9,  collateral  branch  to  the  ring  and  little 
fingers  ;  10,  branch  to  the  inner  side  of 
the  hand  and  little  finger. 

RADIAL  NERVE. 

The    radial  nerve,  continuing 
straight  down  from  the  musculo- 
spiral,  is  concealed   by  the  long 
supinator  muscle,  and  lies  a  little 
to  the  outer  side  of  the  radial 
artery.    This  position  beneath  the 
supinator  is  retained  to  about  three 
inches  from  the  lower  end  of  the 
radius,  where  the  nerve  turns  back- 
wards beneath  the  tendon  of  the 
muscle,  and  becomes  subcutaneous. 
It  then  separates  into  two  branches, 
which  ramify  in  the  integument  on 
the  dorsal  aspect  of  the  thumb  and 
manner : — 


Fig.  433. 


the  next  two  fingers  in  the  following 


654 


NERVES  OF  THE  UPPER  LIMB. 


(a)  The  external  branch  extends  to  the  radial  side  of  the  thumb,  and  is  ioined  bv  an 
offset  of  the  external  cutaneous  nerve.    It  distributes  filaments  over  the  ball  of  the 

(b)  The  internal  portion  coramunicatea  with  a  branch  of  the  external  cutaneous 
nerve  on  the  back  of  the  forearm,  and  divides  into  digital  branches:  one  running 
along  the  ulnar  side  of  the  thumb,  a  second  on  the  radial  side  of  the  index  finger  a 
third  dividing  to  supply  the  adjacent  sides  of  the  index  and  middle  fin-ers  while  a 
fourth  joins  with  an  ofifset  from  the  dorsal  branch  of  the  ulnar,  and  along  with  it 
forms  a  branch  for  the  supply  of  the  contiguous  sides  of  the  middle  and  ring  fin- 
gers. These  branches  communicate  on  the  sides  of  the  fingers  with  the  palmar  di^-ital 
nerves. 

Sometimes  the  interspace  between  the  middle  and  ring  fingers  is  entirely  supplied 
by  the  radial,  and  at  other  times  entirely  by  the  ulnar  nerve. 

POSTERIOR  INTEROSSEOUS  NERVE. 

This  nerve,  the  larger  of  the  two  divisions  of  the  musculo-spiral  nerve, 
winds  to  the  back  of  the  forearm  through  the  fibres  of  the  supinator  brevis 


Fig.  434.  Fig.  434. — View  of  the  Radial  side  op  the  Fore-arm, 

SHOWING   THE    FINAL  DISTRIBUTION  OP  THE  MuSCULO- 

Spiral  Nerve  (from  Hirschfeld  and  Leveille).  ^ 

The  supinator  longus,  and  extensores  carpi  radiales  longior 
and  brevior  have  been  divided,  and  their  upper  parts  re- 
moved ;  the  extensor  communis  digitorum  is  pulled  back- 
wards by  a  hook,  and  the  supinator  brevis  has  been  par- 
tially dissected  to  show  the  posterior  interosseous  nerve 
passing  through  it. 

1,  placed  upon  the  tendon  of  the  biceps  muscle,  points 
to  the  musculo-cutaneous  nerve ;  1',  near  the  wrist,  the 
lower  part  of  this  nerve  and  its  plexus  of  union  with  the 
radial  nerve  ;  2,  trunk  of  the  musculo-spiral  nerve  emerg- 
ing from  between  the  brachialis  anticus,  on  which  the 
number  is  placed,  and  the  supinator  longus  muscles  ;  2', 
its  muscular  twigs  to  the  long  supinator  and  long  radial 
extensor  of  the  carpus  ;  2",  the  posterior  interosseous  nerve 
passing  through  the  substance  of  the  supinator  brevis ;  3, 
placed  upon  the  cut  lower  portion  of  the  supinator  longus, 
the  radial  nerve ;  4,  the  external  collateral  nerve  of  the 
thumb  ;  5,  the  common  collateral  of  the  fore-finger  and 
thumb  ;  6,  the  common  collateral  of  the  fore-finger  and 
middle  finger  ;  7,  the  twig  of  union  with  the  dorsal  branch 
of  the  ulnar  nerve  ;  8,  placed  upon  the  common  extensor 
of  the  fingers,  the  muscular  branches  of  the  posterior  inter- 
osseous nerve  to  the  long  extensor  muscles ;  9,  upon  the 
extensor  secundi  internodii  poUicis,  the  branches  to  the 
short  extensor  muscles. 

muscle,  and  is  prolonged  between  the  deep  and 
superficial  layers  of  the  extensor  muscles  to  the 
interosseous  membrane,  which  it  approaches  about 
the  middle  of  the  forearm. 

Much  diminished  in  size  by  the  separation  of 
numerous  branches  for  the  muscles,  the  nerve  lies 
at  the  lower  part  of  the  forearm  beneath  the 
extensor  of  the  last  phalanx  of  the  thumb  and 
the  tendons  of  the  common  extensor  of  the 
fingers,  and  terminates  on  the  back  of  the 
carpus  in  a  gangliform  enlargement,  from  which  filaments  are  given  to  the 
adjoining  ligaments  and  articulations. 
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The  branches  of  the  interosseous  nerve  enter  the  surrounding  muscles 
viz.,  the  extensor  carpi  radialis  brevior  and  supinator  brevis,  the  superficial 
layer  of  the  extensor  muscles  except  the  anconeus,  and  the  deep  layer  ot 
the  same  muscles  :-that  is  to  say,  the  nerve  supplies  tlie  supmators,  and 
the  extensors  of  the  carpus  and  fingers,  with  the  exception  of  the  supinator 
longus  and  the  extensor  carpi  radialis  longior. 

Summary  of  the  Musculo-spiral  Neroe. 
The  trunk  of  the  nerve  distributes  its  branches  to  the  extensor  muscles  of 
the  elbow-joint  exclusively,  with  the  exception  of  a  filament  to  the  brachialis 
anticus,  which  however  receives  its  principal  nerves  from  another  source. 
Before  separating  into  its  two  large  divisions,  the  nerve  gives  branches 
to  two  muscles  of  the  forearm,  viz.,  the  long  supinator,  and  the  long 
radial  extensor  of  the  carpus.  The  posterior  interosseous  division  distri- 
butes nerves  to  the  remaining  muscles  on  the  outer  and  back  part  of  the 
forearm,  except  the  anconeus  (previously  supplied),  viz.,  to  the  short  supmator 
and  the  extensors. 

Cutaneous  nerves  are  distributed,  from  the  trunk  of  the  nerve  and  its 
radial  division,  to  the  lower  part  of  the  upper  arm,  to  the  forearm,  and  to 
the  hand — on  the  posterior  and  outer  aspect  of  each, 

ANTERIOR  PRIMARY  DIVISIONS  OF  THE  DORSAL  NERVES. 
These  nerves  are  twelve  in  number,  and,  with  the  exception  of  the  larger 
part  of  the  first  of  them,  which  joins  the  brachial  plexus,  they  are  dis- 
tributed to  the  walls  of  the  thorax  and  abdomen.  Eleven  of  the  nerves  so 
distributed  are  termed  intercostal,  and  the  twelfth  is  situated  below  the  last 
rib.  The  cords  connecting  them  with  the  sympathetic  nerve,  placed  close  to 
the  vertebrae,  are  very  short. 

The  anterior  divisions  of  these  nerves  pass  separately  to  their  destination, 
without  forming  any  plexus  by  the  connection  or  interlacement  of  their 
fibres,  and  in  this  respect  they  differ  from  those  of  the  other  spinal  nerves. 
From  the  intervertebral  foramina  they  are  directed  transversely  across  the 
trunk,  and  nearly  parallel  one  to  another.  The  u^jper  six  nerves,  with  the 
exception  of  the  first,  are  confined  to  the  parietes  of  the  thorax  ;  while  the 
lower  six  nerves  are  continued  from  the  intercostal  spaces  to  the  muscles 
and  integument  of  the  anterior  wall  of  the  abdomen. 

riKST  DORSAL  NERVE. 

The  greater  part  of  the  anterior  division  of  this  nerve  ascends  over  the 
neck  of  the  first  rib  and  the  first  intercostal  artery  to  enter  into  the  brachial 
plexus.  The  remaining  portion  of  the  nerve  is  continued  as  the  first  inter- 
costal, a  small  branch  which  courses  along  the  first  intercostal  space,  in  the 
manner  of  the  other  intercostal  nerves,  but  has  usually  no  lateral  cutaneous 
branch,  and  may  also  want  the  anterior  cutaneous. 

UPPER  OR  PECTORAL  INTERCOSTAL  NERVES. 

In  their  course  to  the  fore  part  of  the  chest,  these  nerves  accompany  the 
intercostal  blood-vessels.  After  a  short  space  they  pass  between  the  internal 
and  external  intercostal  muscles,  supplying  them  with  twigs,  and,  about 
midway  between  the  vertebree  and  the  sternum,  give  off  the  lateral  cutaneous 
branches.  The  nerves,  greatly  diminished,  are  now  continued  forwards 
amid  the  fibres  of  the  internal  intercostal  muscles  as  far  as  the  costal 
cartilages,  where  they  come  into  contact  with  the  pleura.    In  approaching 


THE  DOESAL  NERVES, 
Fig.  435. 


Fig.  435. — View  of  the  Anterior  Divisions  op  the  Dorsal  and  some  of  the  other 
Spinal  Nerves  from  before  (from  HirscLfeld  and  LeveillS).  ^ 

The  pectoralis  major  and  minor  muscles  have  been  removed  ;  on  the  right  side  the 
rectus  abdominis  and  internal  oblique  muscles  are  shown,  ou  the  left  side  the  anterior  part 
of  the  rectus  is  cut  away,  and  the  transvei-salis  is  exposed. 

1,  The  median  and  other  nerves  of  the  brachial  plexus;  2,  the  internal  cutaneous  ;  3, 
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tie  nerve  of  Wrisberg  ;  4,  the  intercostal  nerves  continued  forwards  to  4',  their  anterior 
cutaneous  twigs  ;  5,  the  lateral  cutaneous  branches  of  these  nerves  ;  6,  cutaneous  branch 
of  the  last  dorsal  spinal  nerve  ;  7,  the  iliac  twig  of  the  ilio-hypogastric  branch  of  the 
first  lumbar  nerve  ;  8,  termination  of  the  ilio-hj  pogastric  ;  9,  the  ilio-inguinal  ;  10,  the 
middle  cutaneous  of  the  thigh. 

the  sternum,  they  cross  the  internal  mammary  artery  and  the  fibres  of  the 
triangularis  sterni  muscle.  Finally,  these  nerves  pierce  the  internal  inter- 
costal muscle  and  the  greater  pectoral,  and  end  in  the  integument  of  the 
breast,  receiving  the  name  of  the  anterior  cutaneous  nerves  of  the  thorax. 

At  the  anterior  part  of  the  chest  some  of  the  muscular  twigs  cross  the  cartilages 
of  the  ribs,  passing  from  one  intercostal  space  to  another. 

(a)  The  lateral  cutaneoTis  nerves  of  the  thorax  pierce  the  external  intercostal  and 
serratus  magnus  muscles,  in  a  line  a  little  behind  the  pectoral  border  of  the  axilla. 
The  first  intercostal  usually  gives  no  lateral  branch  or  only  a  slender  twig  to  the 
axilla,  but  when  that  of  the  second  nerve  is  unusually  small,  it  is  supplemented  by 
that  of  the  first.  The  branch  from  the  second  intercostal  is  named  iatercosto-humeral, 
and  requires  separate  description.  Each  of  the  remaining  lateral  cutaneous  nerves 
divides  into  two  branches,  which  reach  the  integument  at  a  short  distance  from  each 
other,  and  are  named  anterior  and  posterior. 

The  anterior  branches  are  continued  forwards  over  the  border  of  the  gi-eat  pectoral 
muscle.  Several  reach  the  mammary  gland  and  the  nipple ;  and  from  the  lower 
nerves  twigs  are  supplied  to  the  digitations  of  the  external  oblique  muscle  of  the 
abdomen. 

'HhQ  posterior  branches  turn  backwards  to  the  integument  over  the  scapula  and  the 
latissimus  dorsi  muscle.  The  branch  from  the  third  nerve  ramifies  in  the  axilla,  and 
a  few  filaments  reach  the  arm. 

The  intercosto-humeral  nerve,  the  lateral  cutaneous  branch  of  the  second  inter- 
costal nerve,  corresponds  with  the  posterior  of  the  two  divisions  of  the  succeeding 
lateral  cutaneous  branches,  the  anterior  being  commonly  wanting.  It  crosses  the 
axillary  space  to  reach  the  arm,  and  is  connected  in  the  axilla  with  an  offset  of  the 
nerve  of  Wrisberg.  Penetrating  the  fascia,  it  becomes  subcutaneous,  and  ramifies  in 
the  integument  of  the  upper  half  of  the  arm,  on  the  inner  and  posterior  aspect ;  a 
few  filaments  reach  the  integument  over  the  scapula.  The  branches  of  this  nerve 
cross  over  the  internal  cutaneous  ofi'set  of  the  musculo  spiral,  and  a  communication 
is  established  between  the  two  nerves.  The  size  of  the  intercosto-humeral  nerve, 
and  the  extent  of  its  distribution,  are  in  the  inverse  proportion  to  the  size  of  the 
other  cutaneous  nerves  of  the  upper  arm,  especially  the  nerve  of  Wrisbero-. 

(6)  The  anterior  cutaneous  nerves  of  the  i/iorox,  which  are  the  terminaUwigs  of  the 
intercostal  nerves,  are  reflected  outwards  in  the  integument  over  the  great  pectoral 
muscle.  The  branch  from  the  second  nerve  is  connected  with  the  supraclavicular 
and  the  lateral  cutaneous  nerves;  those  from  the  third  and  fourth  nerves  are  distri- 
buted to  the  mammary  gland. 

LOWER  OR  ABDOMINAL  INTERCOSTAL  NERVES. 

The  lower  intercostal  nerves  are  continued  from  the  anterior  ends  of  the 
intercostal  spaces,  between  the  internal  oblique  and  the  transverse  muscle  of 
the  abdomen,  to  the  outer  edge  of  the  rectus.    Perforating  the  sheath 
they  enter  the  substance  of  that  muscle,  and  afterwards  terminate  in  small 
cutaneous  branches  (anterior  cutaneous). 

..^fl^^^l},''^.''''''^  ^^^^  to  the  integument  through 

nfrv^l'?.  ^'^r''^  '"'^  f^.''™"^  "^^^'l"^  ^  ^^^'^  ^^^'^  correspond^ 

brLches!  '  '^"'l  P°«terior 

anterior  branches  are  the  larger,  and  are  directed  inwards  in  the  superficial 
fa  .a,  with  small  cutaneous  arteries,  nearly  to  the  edge  of  the  rectus  muscle. 
Ihe posterior  branches  bend  backwards  over  the  latissimus  dorsi  muscle. 
(6)  Ihe  anterior  cutaneous  nerves  of  tlie  abdomen  become  subcutaneous  near  the 
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linea  alba,  accompaiiyiiig  the  small  perforating  arteries.  Their  immher  and  position 
are  very  uncertain.  '1  hey  are  directed  outwards  towards  the  lateral  cutaneous  neiTes 
musdr   '       '^^^'="^6^      Cruveilhier  as  existing  at  the  outer  edge  of  the  recTus 

LAST  DOBSAL  NERVE. 

The  anterior  primary  division  of  this  nerve  is  below  the  last  rib  and  is 
contained  altogether  in  the  abdominal  wall.  The  nerve  has  the  general 
conrse  and  distribution  of  the  others  between  the  internal  oblique  and 
transversalis,  but  before  taking  its  place  between  those  muscles,  it  passes  in 
front  of  the  upper  part  of  the  quadratus  lumborum,  and  pierces  the  posterior 
aponeurosis  of  the  transverse  muscle.  This  nerve  is  connected  by  offsets 
with  the  nerve  above,  and  occasionally  with  the  ilio-hypogastric  branch  of 
the  lumbar  plexus.  Near  the  spine  it  sometimes  communicates  with  the 
first  lumbar  nerve  by  means  of  a  small  cord  in  the  substance  of  the  quad- 
ratus lumborum. 

The  lateral  cutaneous  branch  of  the  last  dorsal  nerve  passing  through  both 
oblique  muscles,  is  directed  downwards  over  the  iliac  creat  to  the  integument 
covering  the  fore  part  of  the  gluteal  region  and  the  upper  and  outer  part  of 
the  thigh,  some  filaments  reaching  as  far  as  the  great  trochanter  of  the 
femur. 


ANTERIOR  PRIMARY  DIVISIONS  OF  THE  LUMBAR  NERVES. 

The  anterior  divisions  of  the  lumbar  nerves  increase  in  size  from  the  first 
to  the  fifth  ;  and  all,  except  the  fifth,  which  passes  down  to  join  the  sacral 
nerves,  are  connected  together  by  communicating  loops,  so  as  to  form  the 
lumbar  plexus.  On  leaving  the  intervertebral  foramina  these  nerves  are 
connected  by  filaments  with  the  sympathetic  nerve,  these  filaments  being 
longer  than  those  connected  with  other  spinal  nerves,  in  consequence  of  the 
position  of  the  lumbar  sympathetic  ganglia  on  the  fore  part  of  the  bodies  of 
the  vertebrae.  In  the  same  situation  are  furnished  small  twigs  to  the  psoas 
and  quadratus  lumborum  muscles. 


LUMBAR  PLEXUS. 

The  lumbar  plexus  is  formed  by  the  communications  between  the  anterior 
l^rimary  divisions  of  the  four  upper  lumbar  nerves.  It  is  placed  in  the 
substance  of  the  psoas  muscle,  in  front  of  the  transverse  processes  of  the 
corresponding  vertebrae.  Above,  the  plexus  is  narrow,  and  is  sometimes 
connected  with  the  last  dorsal  nerve  by  a  small  offset  from  that  nerve, 
named  dorsi-lumbar  ;  below  it  is  wider,  and  is  joined  to  the  sacral  plexus 
by  means  of  a  branch  given  by  the  fourth  lumbar  nerve  to  the  fifth. 

The  arrangement  of  the  plexus  may  be  thus  stated  : — The  first  nerve 
gives  off  the  ilio-hypogastric  and  ilio-inguinal  nerves,  and  sends  downwards 
a  communicating  branch  to  the  second  nerve.  The  second  furnishes  the 
greater  part  of  the  genito-crural  and  external  cutaneous  nerves,  and  gives  a 
connecting  branch  to  the  third,  from  which  some  of  the  fibres  of  the  anterior 
crural  and  obturator  nerves  are  derived.  From  the  third  nerve,  besides  the 
descending  branch  to  the  fourth,  two  branches  proceed  ;  one  of  these,  the 
larger,  forms  part  of  the  anterior  crural  nerve  ;  the  other,  a  part  of  the 
obturator  nerve.  The  fourth  nerve  gives  two  branches,  which  serve  to 
complete  the  obturator  and  anterior  crural  nerves,  and  a  connecting  branch 
to  the  fifth  nerve. 


THE  LUMBAR  PLEXUS  AKD  NERVES. 
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The  branches  of  this  ploxiis  form  two  sots,  which  are  distributed,  one  to 
the  lower  part  of  the  wall  of  the  abdomeu,  the  other  to  the  fore  part  and 
inner  side  of  the  lower  limb.    In  the  former  set  are  the  Uio-hypogastric  and 


Dxn 


Fig.    436.  —  DiAORAMMATio  Fig.  436. 

Outline  o?  the  Lumbar 
AND  Saoral  Plexuses  with 

TUB      PRINCIPAL  NeIIVBS 
ARISING  FROM  THEM.  i 

DXII,  placed  opposite  the 
divided  roots  of  the  last  dorsal 
nerve  ;  LI  to  V,  opposite  the 
roots  of  the  five  lumbar  nerves  : 
the  loops  uniting  the  anterior 
primary  divisions  of  these 
nerves  together,  and  the  first 
with  the  twelfth  dorsal  are 
shown  ;  SI  to  V,  and  CI,  the 
same  in  the  sacral  and  coccy- 
geal nerves ;  p,  placed  on  some 
of  the  nerves  marks  the  pos- 
terior primary  divisions  cut 
short ;  p'p,  the  plexus  formed 
by  the  union  of  the  posterior 
branches  of  the  third,  fourth, 
and  fifth  sacral  and  the  coccy- 
geal nerves  ;  d,  the  abdominal 
continuation  of  the  last  dorsal 
nerve  from  which  d',  the  iliac 
cutaneous  branch  arises  ;  1,  1', 
the  ilio-hypogastric  and  ilio- 
inguinal branches  of  the  first 
lumbar  nerve ;  2,  the  genito- 
crural  rising  by  a  loop  from 
the  first  and  second  lumbar ; 
2',  external  cutaneous  of  the 
thigh  rising  by  a  loop  from  the 
second  and  third ;  ps,  branches 
to  the  psoas  muscle  along  the 
lumbar  plexus ;  cr,  anterior 
crural  nerve  from  the  second, 
third,  and  fourth  lumbar  ;  il, 
branches  to  the  iliacus  ;  ob, 
obturator  nerve  from  the  se- 
cond, third  and  fourth  lumbar 
nerves  ;  ob',  accessory  obtura- 
tor ;  IV',  V',  loop  from  the 
fourth  and  fifth  lumbar,  form- 
ing the  lumbo-sacral  cord  ;  3, 
superior  gluteal  nerve  ;  sc, 
sacral  plexus  ending  in  the  great 
sciatic  nerve  ;  4,  lesser  sciatic 
nerve  rising  from  the  plexus 
posteriorly;  4',  inferior  gluteal 
branches ;  5,  inferior  puden- 
dal ;  5',  posterior  cutaneous 
of  the  thigh  and  leg  ;  6,  6, 
branches  to  the  obturator  in- 
tern us  and  gemellus  superior  ;  6',  6',  branches  to  the  gemellus  inferior,  quadratua  and 
hip-joint ;  7,  twigs  to  the  pyriformis  ;  8,  8,  pudic  nerve  from  the  first,  second,  third,  and 
fourth  sacral ;  9,  visceral  branches  ;  9',  twig  to  the  levator  ani ;  10,  cutaneous  from  the 
fourth,  which  passes  round  the  lower  border  of  the  gluteus  maximus :  11,  coccygeal 
branches. 
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ilio-inguiiial  nerves,  and  part  of  the  geuito-crural  ;  and  to  the  latter  belong 
the  remaining  part  of  tlie  genito-crural  nerve,  the  external  cutaneous  the 
obturatorj  and  the  anterior  crural  nerves.  ' 

ILIO-HYPOOASTRIC  AND  ILIO-INGUINAL  NERVES, 

These  nerves  are  the  upper  two  branches  from  the  lumbar  plexus  ;  they 
are  both  derived  from  the  first  lumbar  nerve,  and  have  a  nearly  similar 
distribution.  They  become  subcutaneous  by  passing  between  the  broad 
muscles  of  the  abdomen,  and  through  the  outer  one,  and  end  in  the  integu- 
ment of  the  groin  and  scrotum  in  the  male,  and  the  labia  pudendi  in  the 
female,  as  well  as  in  the  integument  covering  the  gluteal  muscles.  The 
extent  of  distribution  of  the  one  is  inversely  proportional  to  that  of  the 
other. 

The  ilio-hypogastric  nerve,  emerging  from  the  upper  part  of  the  psoas 
muscle  at  the  outer  border,  runs  obliquely  over  the  quadratus  lumborum  to 
the  iliac  crest,  and  there  perforating  the  transverse  muscle  of  the  abdomen, 
gets  between  that  muscle  and  the  internal  oblique,  and  divides  into  an  iliac 
and  a  hypogastric  branch. 

(a)  The  iliac  branch  pierces  the  attachment  of  both  oblique  muscles,  immediately 
above  the  iliac  crest,  and  is  lost  in  the  integument  over  the  gluteal  muscles,  behind 
the  distribution  of  the  lateral  cutaneous  branch  of  the  last  dorsal  nerve. 

(6)  The  hypogastric  or  abdominal  branch  passes  on  between  the  transverse  and 
internal  oblique  muscles,  and  is  connected  with  the  ilio-inguinal  nerve  near  the  iliac 
crest.  It  then  perforates  the  internal  oblique  muscle,  and  piercing  the  aponeurosis  of 
the  external  oblique,  a  little  above  the  superficial  inguinal  opening,  is  distributed  to 
the  skin  of  the  abdomen  above  the  pubes. 

The  size  of  the  iliac  branch  of  this  nerve  varies  inversely  with  that  of  the  lateral 
cutaneous  branch  of  the  twelfth  dorsal.  The  hypogastric  branch  is  not  unfrequently 
joined  with  the  last  dorsal  nen'e  between  the  muscles,  near  the  crest  of  the  innominate 
bone. 

The  ilio-inguinal  nerve,  smaller  than  the  preceding,  supplies  the  integu- 
ment of  the  groin.  Descending  obliquely  outwards  over  the  quadratus 
lumborum,  it  crosses  the  fibres  of  the  iliacus  muscle,  being  placed  lower 
down  than  the  ilio-hypogastric  :  it  then  perforates  the  transverse  muscle 
further  forwards  than  the  ilio-hypogastric  ;  communicating  with  that  nerve 
between  the  abdominal  muscles.  Then  piercing  the  internal  oblique  muscle, 
it  descends  in  the  inguinal  canal,  and  emerging  at  the  superficial  inguinal 
ring,  is  distributed  to  the  skin  upon  the  groin,  as  well  as  to  that  upon  the 
scrotum  and  penis  in  the  male,  or  the  labium  pudendi  in  the  female,  com- 
municating with  the  inferior  pudendal  nerve.  In  its  progress  this  nerve 
furnishes  branches  to  the  internal  oblique  muscle. 

The  ilio-inguinal  nerve  occasionally  arises  from  the  loop  connecting  the  first  and 
second  lumbar  nerves.  It  is  sometimes  small,  and  ends  near  the  iliac  crest  by  joining 
the  ilio-hypogastric  nerve ;  in  that  case  the  last  nerve  gives  ofi"  an  inguinal  branch 
having  a  similar  course  and  distribution  to  the  ilio-inguinal  nerve,  the  place  of  which 
it  supplies, 

GENIT0-CItX7KAL  NERVE, 

The  genito-crural  nerve  belongs  partly  to  the  external  genital  organs  and 
partly  to  the  thigh.  It  is  derived  chiefly  from  the  second  lumbar  nerve, 
but  receives  also  a  few  fibres  from  the  connecting  cord  between  that  and 
the  first  nerve.  The  nerve  descends  obliquely  through  the  psons  muscle, 
and  afterwards  on  its  fore  part,  towards  Poupart's  ligament,  dividing  at  a 
variable  height  into  an  internal  or  genital,  and  an  external  or  crural  branch. 


GENITO-CRURAL  NERVE. 
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It  often  bifarcatoB  close  to  its  origin  from  tlie  plexus,  in  which  case  its  two 
branches  perforate  the  psoas  muscle  in  dilTerent  places. 

(a)  The  aenital  branch  (external  spermatic,  Schmidt),  lie.  upon  or  near  the  external 
ilia?artery  and  en  U  filaments  along  that  vessel  ;  tlien  perforating  the  transversahs 
f^l  it  if^ses  t  the  inguinal  canal  with  the  spermatic  cord,  and  is  lost  upon 


Fig.  437. 


Pig.  437. — View  from  before  of  the  Anterior  Branches  op  the  Lumbar  and  Sacral 
Nerves  with  the  Plexuses  (from  Sappey  after  Hirschfeld  and  Leveill^).  ^ 

1,  lumbar  cord  of  the  great  sympathetic  nerve  ;  2,  2',  anterior  primary  division  of  the 
twelfth  dorsal  nerve;  3,  first  lumbar;  4,  4',  ilio-inguinal  branch  of  this  nerve;  5,  5', 
ilio-hypogastrio  branch ;  6,  second  lumbar  nerve  ;  7,  T,  genito-crural  nerve  rising  from 
the  first  and  second  lumbar  ;  8,  8',  external  cutaneous  nerve  of  the  thigli ;  9,  third 
Inmbar  nerve;  10,  fourth;  11,  fifth;  12,  lumbo-saeral  trunk;  13,  iliac  branch  of  the 
ilio-inguinal;  14,  its  abdominal  branch;  15,  its  genital  branch;  16,  external  cutaneous 
nerve  of  the  right  side  passing  out  of  the  pelvis  under  Poupart's  ligament  ;  17,  17,  17, 
cutaneous  ramifications  of  this  nerve  ;  17',  the  same  nerve  exposed  on  the  left  side  ;  18, 
18',  genital  branch  of  the  genito-crural ;  19,  its  crural  branch  on  the  right  side  becoming 
cutaneous  ;  19',  the  same  on  the  left  side  exposed  as  it  descends  in  front  of  the  femoral 
artery  ;  20,  anterior  crural  nerve  ;  21,  21',  obturator  nerve  ;  22,  left  sciatic  plexus  ;  23, 
aortic  plexus  of  the  sympathetic  nerve  connected  superiorly  with  the  other  pro-aortic 
plexuses  and  the  lumbar  ganglia,  and  inferiorly  with  the  hypogastric  plexus. 
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the  crcmaater  muscle.    In  the  female  it  accompaniea  the  round  ligament  of  the 

(6)  The  m(mZt,.««cA  (lumbo-inguinal  nerve,  Schmidt),  descends  upon  the  psoas 
muscle  beneath  Poupart's  ligament  into  the  thigh.  Immediately  below  that  1  ga 
men  ,  and  at  the  outer  side  of  the  femoral  artery,  it  pierces  the  fascia  lata,  and 
supplies  the  skin  on  the  upper  part  of  the  thigh,  communicating  with  the  middle 
cutaneous  branch  of  the  anterior  crural  nerve.  AVhilst  it  is  passing  beneath  Pou- 
parts  ligament  some  filaments  are  prolonged  from  this  nerve  on  the  femoral  arterv 
It  IS  stated  by  Schmidt,  that  when  the  crural  branch  of  the  genito-crural  nerve  is 
large,  and  commences  near  the  plexus,  he  has  observed  it  to  give  a  muscular  branch 
to  the  lower  border  of  the  internal  oblique  and  transversalis  muscles. 


EXTERNAL  CUTANEOUS  NERVES. 

This  nerve,  commencing  from  the  loop  formed  between  the  second  and 
third  lumbar  nerves,  on  emerging  from  the  outer  border  of  the  psoas  muscle, 
crosses  the  iliacus  muscle  below  the  ilio-inguinal  nerve,  and  passing  beneath 
Poupart's  ligament,  reaches  the  thigh  beneath  the  anterior  superior  iliac 
spine,  where  it  divides  into  an  anterior  and  a  posterior  branch  distributed  to 
the  integument  of  the  outer  side  of  the  hip  and  thigh. 

(a)  The  posterior  branch  perforates  the  fascia  lata,  and  subdivides  into  two  or 
three  others,  which  turn  backwards  and  supply  the  skin  upon  the  outer  surface  of 
the  limb,  from  the  upper  border  of  the  hip-bone  nearly  to  the  middle  of  the  thigh. 
The  highest  among  them  are  crossed  by  the  cutaneous  branches  from  the  last  dorsal 
nerve. 

(b)  An  anterior  branch,  the  continuation  of  the  nerve,  is  at  first  contained  in  a 
sheath  or  canal  formed  in  the  substance  of  the  fascia  lata ;  but  about  four  inches 
below  Poupart's  ligament,  it  enters  the  subcutaneous  fatty  tissue,  and  is  distributed 
along  the  outer  part  of  the  front  of  the  thigh,  ending  near  the  knee.  The  principal 
offsets  spring  from  its  outer  side.  In  some  cases,  this  branch  reaches  quite  down 
to  the  knee,  and  communicates  there  with  the  internal  saphenous  nerve. 


OBTURATOR  NERVE. 

The  obturator  nerve  (internal  crural)  is  distributed  to  the  adductor 
muscles  of  the  thigh,  and  to  the  hip  and  knee  joints.  It  arises  from  the 
lumbar  plexus  by  two  roots,  one  from  the  third  and  the  other  from  the 
fourth  lumbar  nerve.  Having  emerged  from  the  inner  border  of  the  psoas 
muscle,  opposite  to  the  brim  of  the  pelvis,  it  runs  along  the  side  of  the 
pelvic  cavity,  above  the  obturator  vessels,  as  far  as  the  opening  in  the  upper 
part  of  the  thyroid  foramen,  through  which  it  escapes  from  the  pelvis  into 
the  thigh.  Here  it  immediately  divides  into  an  anterior  and  a  posterior 
branch,  which  are  separated  from  one  another  by  the  short  adductor 
muscle. 

A. — The  anterior  portion  communicates  with  the  accessory  obturator 
nerve,  when  that  nerve  is  present,  and  descends  in  front  of  the  adductor 
brevis  and  behind  the  pectineus  and  adductor  longus  muscles.  It  gives 
branches  as  follows  : — 

{a)  An  articular  branch  to  the  hip-joint  arises  near  the  thyroid  membrane. 

{b)  Muscular  branches  are  given  to  the  gracilis  and  adductor  longus  muscles,  and 
occasionally  also  others  to  the  adductor  brevis  and  pectineus. 

(c)  The  terminal  twig  turns  outwards  upon  the  femoral  artery,  and  surrounds  that 
vessel  with  small  filaments. 

{d)  An  offset  at  the  lower  border  of  the  adductor  longus  communicates  beneath 
the  fascia  with  the  internal  cutaneous  branch  of  the  anterior  crural  nerve,  and  with  a 
branch  of  the  internal  saphenous  nerve,  forming  a  sort  of  plexus. 

Occasional  cutaneous  nerve. — In  some  instances  the  communicating  branch  described 
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1,  kr-er  than  usual  and  descends  along  the  posterior  border  of  the  sartorius  to  the 
TnSde  of  the  knee  where  it  perforates  the  fascia,  communicates  with  the  internal 
S^pSenous  nerve!  and  'extends  do'wn  the  inner  side  of  the  limb,  supplying  the  sku.  as 
low  as  the  middle  of  the  leg. 

Fig.  438.— The  Lumbar  Plexus  from  Fig-  '*38. 

BEFORE,  WITH  THE  DlSTIlIBUTION  OF 

SOME  OF  ITS  Nerves  (slightly  altered 
from  Schmidt),  i 

a,  the  last  rib ;  6,  quadratus  lum- 
borum  muscle  ;  c,  oblique  and  trans- 
verse muscles  cut  near  the  crest  of  the 
ilium  and  turned  down  ;  d,  pubes  ;  e, 
adductor  brevis  muscle ;  /,  pectineus 
divided  and  turned  outwards ;  g,  adduc- 
tor longus  ;  1,  ilio-bypogastric  nerve  ; 

2,  ilio-inguinal ;  3,  external  cutaneous  ; 
4,  anterior  crural  ;  5,  accessory  obtu- 
rator ;  6,  obturator,  united  with  the  ac- 
cessory by  a  loop  round  the  pubes  ;  7, 
genito  crural  in  two  branches  cut  short 
near  their  origin  ;  8,  8,  lumbar  portion 
of  the  gangliated  sympathetic  cord. 

"When  this  cutaneous  branch  of  the 
obturator  nerve  is  present,  the  internal 
cutaneous  branch  of  the  anterior  crural 
nerve  is  small,  the  size  of  the  two 
nerves  bearing  an  inverse  proportion 
to  each  other. 

B. — ^The  posterior  or  deep  part 
of  the  obturator  nervo  having 
passed  through  some  fibres  of  the 
external  obturator  muscle,  crosses 
behind  the  short  adductor  to  the 
fore  part  of  the  adductor  mag- 
nus,  where  it  divides  into  many 
branches,  all  of  which  enter  those 
muscles,  excepting  one  which  is  prolonged  downwards  to  the  knee-joint. 

(a)  The  muscular  branches  supply  the  external  obturator  and  the  great  adductor 
muscle,  with  the  short  adductor  also  when  this  muscle  receives  no  branch  from  the 
anterior  division  of  the  nerve. 

(6)  The  articular  branch  for  the  knee  rests  at  first  on  the  adductor  magnns,  but 
perforates  the  lower  fibres  of  that  muscle,  and  thus  reaches  the  upper  part  of  the 
popliteal  space.  Supported  by  the  popliteal  artery,  and  sending  filaments  around 
that  vessel,  the  nerve  then  descends  to  the  back  of  the  knee-joint,  and  enters  the 
articulation  through  the  posterior  ligament.  (Thomson,  "  London  Med.  and  Surg. 
Journal,"  No.  xcv.) 

ACCESSORY   OBTURATOR  NERVE. 

The  accessory  obturator  nerve,  a  small  and  inconstant  nerve,  arising  from 
the  obturator  nerve  near  its  upper  end,  or  separately  from  the  same  nerves 
of  the  plexus,  descends  along  the  inner  border  of  the  psoas  muscle,  over  the 
pubic  bone,  and  passing  behind  the  pectineus  muscle,  ends  by  dividing  into 
several  branches.  Of  these  one  joins  the  anterior  branch  of  the  obturator 
nerve  ;  another  penetrates  the  pectineus  on  the  under  surface  ;  wliilst  a 
third  enters  the  hip-joint  with  the  articular  artery. 
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This  nerve  is  aonietimes  smaller  than  usual,  and  ends  in  filaments  which  perforate 
the  capsule  of  the  hip-joint.  When  it  is  altogether  wanting,  the  hip-joint  receives 
branches  from  the  obturator  nerve. 

Summary.— The  obturator  nerve  and  accessory  obturator  give  branches  to 
the  hip  and  knee  joints,  also  to  the  adductor  muscles  of  the  thigh,  and,  iu 
some  cases,  to  the  pectineus.  Occasionally  a  cutaneous  branch  descends  to 
the  inner  side  of  the  thigh,  and  to  the  inner  and  upper  part  of  the  leg. 

ANTERIOR  CRURAL  NERVE. 
This  nerve  is  the  largest  branch  of  the  lumbar  plexus,  and  is  derived 
principally  from  the  third  and  fourth  lumbar  nerves,  but  in  part  also  from 

the  second.  Emerging  from  the  outer 
border  of  the  psoas  muscle,  near  its  lower 
part,  it  descends  into  the  thigh  in  the 
groove  between  that  muscle  and  the  iliacus, 
and,  therefore,  to  the  outside  of  the  femoral 
blood-vessels.  It  now  becomes  flattened 
out  and  divides  into  two  parts,  one  of 
which  is  cutaneous,  while  the  other  is  dis- 
tributed to  muscles. 


Fig.  439. — Deep  Nerves  of  the  Anterior  and 
Inner  part  of  the  Thigh  (from  Sappey  after 
Hirschfeld  and  Leveille).  ^ 

1,  anterior  crural  nerve ;  2,  branches  given  to 
the  iliacus  muscle  ;  3,  branch  to  the  lower  part  of 
the  psoas  ;  4,  large  musculo-cutaneous  branches 
divided  to  show  the  deeper  nerves  ;  6  and  6,  mus- 
cular filaments  from  the  small  musculo-cutaneous  ; 
7,  origin  of  the  cutaneous  branches ;  8,  communi- 
cating filament  of  the  internal  cutaneous  nerves ; 
9,  branches  to  the  rectus ;  10,  branches  to  the 
vastus  externus  ;  11,  branches  to  the  vastus  inter- 
nus  ;  12,  internal  saphenous  nerve ;  13,  its  patellar 
branch;  14,  its  continuation  down  the  leg:  15, 
obturator  nerve  ;  16,  branch  from  the  obturator 
nerve  to  the  adductor  longus;  17,  branch  to  the 
adductor  brevis  ;  18,  branch  to  the  gracilis  ;  from 
this  a  filament  is  prolonged  downwards,  to  unite 
with  the  plexus  formed  by  the  union  of  branches 
from  the  internal  cutaneous  and  intei-nal  saphenous 
nerves  ;  1 9,  deep  branch  of  the  obturator  nerve  to 
the  adductor  magnus  ;  20,  lumbo-sacral  trunk  ;  21, 
its  union  with  the  first  sacral  nerve  ;  22,  22,  lum- 
bar and  sacral  part  of  the  sympathetic  nerve  ;  23, 
external  cutaneous  nerve  from  the  lumbar  plexus. 


Branches  of  the  trunk. — The  branches 
given  from  the  anterior  crural  nerve  within 
the  abdomen  are  few  and  of  small  size. 

(a)  The  iliacus  receives  three  or  four  small  branches,  which  are  directed  outwards 
from  the  nerve  to  the  fore  part  of  the  muscle. 

(b)  The  nerve  of  the  femoral  artery  is  a  small  branch  which  divides  into  numerous 
filaments  upon  the  upper  part  of  that  vessel.  It  sometimes  arises  lower  down  than 
usual  in  the  thigh.  It  may,  on  the  other  hand,  be  found  to  take  origin  above  the 
ordinary  position ;  and  in  this  case  it  proceeds  from  the  middle  cutaneous  nerve. 
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when  that  branch  springs  from  or  near  the  lumbar  plexus.  In  either  case,  its  ulti- 
mate distribution  is  the  same  as  that  already  described. 

Terminal  branches.  — From  the  principal  or  terminal  divisions  of  the  nerve 
the  remaining  branches  take  their  rise  as  follows  : — 

From  the  sdperficial  division  cutaneous  branches  are  given  to  the  fore 
part  of  the  thigh,  and  to  the  inner  side  of  the  leg.  They  are  the  middle  and 
internal  cutaneous  nerves,  and  the  internal  saphenous  nerve.  One  of  the 
muscles,  the  sartorius,  receives  its  nerves  from  this  group. 

The  DEEP  BRANCHES  supplj  the  muscles  on  the  fore  part  of  the  thigh,  and 
also  the  pectineus  muscle.  The  branch  to  the  pectineus,  however,  some- 
times arises  from  the  superficial  part  of  the  trunk, 

A.    MUSCDLAK  BRANCHES. 

The  branch  to  the  pectineus  muscle  crosses  inwards  behind  the  femoral  vessels, 
and  enters  the  muscle  on  the  anterior  aspect. 

The  sarlonus  muscle  receives  three  or  four  twigs,  which  arise  in  common  with 
the  cutaneous  nerves,  and  reach  mostly  the  upper  part  of  the  muscle. 

The  rectus  muscle  receives  a  distinct  branch  on  its  under  surface. 

The  nerve  for  the  vastus  externm,  of  considerable  size,  descends  with  the  branches 
of  the  external  circumflex  artery  towards  the  lower  part  of  the  muscle.  It  gives  off 
a  long  slender  articular  filament,  which  reaches  the  knee  and  penetrates  the  fibrous 
capsule  of  the  joint. 

Another  large  nerve  divides  into  two  sets  of  branches,  which  enter  the  vastus 
infernvs  and  the  crureus  about  the  middle  of  those  muscles.  The  nerve  of  the  vastus 
intemus,  before  penetrating  the  muscular  fasciculi,  gives  a  small  branch  to  the  knee- 
joint.  This  articular  nerve  passes  along  the  internal  intermuscular  septum  with  a 
branch  of  the  anastomotic  artery,  as  far  as  the  inner  side  of  the  joint,  where  it  per- 
forates the  capsular  ligament,  and  is  directed  outwards  on  the  synovial  membrane 
beneath  the  ligamentum  patellaa. 

B.      MIDDLE  CUTANEOUS  KERVE. 

The  middle  cutaneous  nerve  either  pierces  the  fascia  lata  divided  into  two 
branches  about  four  inches  below  Poupart's  ligament,  or  as  one  trunk  which 
soon  separates  into  two  branches.  These  branches  descend  side  by  side  on  the 
fore  part  of  the  thigh  to  the  inner  side  and  front  of  the  patella.  After  or 
before  the  nerve  has  become  subcutaneous,  it  communicates  with  the  crural 
branch  of  the  genito-crural  nerve,  and  also  with  the  internal  cutaneous. 

This  nerve  sometimes  arises  from  the  anterior  crural,  high  up  within  the 
abdomen. 


C.      INTERNAL  CUTANEOUS  NERVE. 

The  internal  cutaneous  nerve  gives  branches  to  the  skin  on  the  inner  side 
of  the  thigh,  and  the  upper  part  of  the  leg  ;  but  the  extent  to  which  it 
reaches  varies  with  the  presence  or  absence  of  the  "  occasional  cutaneous  " 
branch,  of  the  obturator  nerve. 

Lying  beneath  the  fascia  lata,  this  nerve  descends  obliquely  over  the 
upper  part  of  the  femoral  artery.  It  divides  either  in  front  of  that  vessel, 
or  at  the  inner  side,  into  two  branches  (one  anterior,  the  other  internal), 
which  pierce  the  fascia  separately.  These  two  branches  sometimes  arise  as 
distinct  offsets  from  the  superficial  part  of  the  anterior  crural  nerve. 

The  distribution  of  the  internal  cutaneous  nerve  is  as  follows  :— 

{a)  Branches  previous  to  division.— Before  dividing  into  its  two  ultimate 
branches,  this  nerve  gives  off  two  or  three  cutaneous  twigs,  which  accompany  the 
upper  part  of  the  long  saphenous  vein.   The  highest  of  these  perforates  the  fascia 
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near  the  saphenous  opening,  and  reaches  down  to  the  middle  of  the  thigh  The 
others  appear  beneath  the  skin  lo\yer  down  by  the  side  of  the  vein;  one,  larger  than 
the  rest  passes  through  the  fascia  about  the  middle  of  the  thigh,  and  extends  to  the 
knee.  In  some  instances,  these  small  branches  spring  directly  from  the  anterior  cruml 
nerve,  and  they  often  communicate  with  each  other. 


Fig.  440. — Cutaneous  Nerves  op  the  Anteeior 
AND  Inner  Part  op  the  Tnian  (from  Sappey 
after  Hirschfeld  and  Leveille).  ^ 

] ,  external  cutaneoua  nerve  ;  2,  2,  middle  cuta- 
neous branch  of  the  anterior  crural  passing  through 
the  sartorius  muscle  and  the  fascia;  3,  3,  anterior 
division  of  the  internal  cutaneous ;  4,  filament  to 
the  sartorius ;  5,  inner  or  posterior  division  of  the 
internal  cutaneous  ;  6,  its  superficial  branch  to  the 
inside  of  the  knee  after  perforating  the  fascia  ;  7, 
deep  or  communicating  branch ;  8,  superficial  branch 
of  the  musculo-cutaneous  of  the  crural  ;  9,  patellar 
blanch  of  the  internal  saphenous  nerve ;  10,  con- 
tinuation of  the  saphenous  down  the  leg. 

(b)  The  anterior  branch,  descending  in  a 
straight  line  to  the  knee,  perforates  the  fascia 
lata  in  the  lower  part  of  the  thigh;  it  after- 
wards runs  down  near  the  intermuscular  septum, 
giving  off  filaments  on  each  side  to  the  skin,  and 
is  finally  directed  over  the  patella  to  the  outer 
side  of  the  knee.  It  communicates  above  the 
joint  with  a  branch  of  the  long  saphenous 
nerve ;  and  sometimes  it  takes  the  place  of  the 
branch  usually  given  by  the  latter  to  the  integu- 
ment over  the  patella. 

This  branch  of  the  internal  cutaneous  nerve 
sometimes  lies  above  the  fascia  in  its  whole 
length.  It  occasionally  gives  off  a  cutaneous 
filament,  which  accompanies  the  long  saphenous 
vein,  and  in  some  cases  it  communicates  with 
the  branch  to  be  next  described. 

The  inner  branch  of  the  internal  cutaneous 
nerve,  descending  along  the  posterior  border  of 
the  sartorius  muscle,  perforates  the  fascia  lata 
at  the  inner  side  of  the  knee,  and  communicates 
by  a  small  branch  with  the  internal  saphenous 
nerve,  which  here  descends  in  front  of  it.  It 
gives  some  cutaneous  filaments  to  the  lower 
part  of  the  thigh  on  the  inner  side,  and  is  dis- 
tributed to  the  skin  upon  the  inner  side  of  the  leg.  Whilst  beneath  the  fascia,  this 
branch  of  the  internal  cutaneous  nerve  joins  in  an  interlacement  with  oflFsets  of  the 
obturator  nerve  below  the  middle  of  the  thigh,  and  with  the  branch  of  the  saphenous 
nerve  nearer  the  knee. 


D.      INTERNAL  SAPHENOUS  NEBVE. 

The  internal  or  long  saphienous  nerve  is  the  largest  of  the  cutaneous 
branches  of  the  anterior  crural  nerve.  In  some  cases  it  arises  in  connection 
with  one  of  the  deep  or  muscular  branches. 

This  nerve  is  deeply  placed  as  far  as  the  knee,  and  is  subcutaneous  in  the 
rest  of  its  course.  In  the  thigh  it  accompanies  the  femoral  vessels,  lying  at 
first  somewhat  to  tlieir  outer  side,  but  lower  down  approaching  close  to 
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them,  and  passing  beneath  the  same  aponeurosis.  When  the  vessels  pass 
through  the  opening  in  the  adductor  muscle  into  the  popliteal  space,  the 
saphenous  nerve  separates  from  them,  and  is  continued  downward.s  beneath 
the  sartorius  muscle  to  the  inner  side  of  the  knee  ;  where,  having  first 
given  off,  aa  it  lies  near  the  inner  condyle  of  the  femur,  a  branch  which  is 
distributed  over  the  front  of  the  patella,  it  becomes  subcutaneous  by 
piercing  the  fascia  between  the  tendons  of  the  sartorius  and  gracilis  muscles. 

The  nerve  then  accompanies  the  saphenous  vein  along  the  inner  side  of 
the  leg,  and  passing  in  front  of  the  ankle  is  distributed  to  the  inner  side  of 
the  foot.    In  the  leg  it  is  connected  with  the  internal  cutaneous  nerve. 

The  distribution  of  the  bi-auches  is  as  follows  : — 

{(i)  A  comiminicating  branch  is  given  off  about  the  middle  of  the  thigh  to  join  in 
the  interlacement  formed  beneath  the  fascia  lata  by  this  nerve  and  branches  of  the 
obturator  and  internal  cutaneous  nerves.  After  it  has  left  the  aponeurotic  covering 
of  the  femoral  vessels,  the  internal  saphenous  nerve  has,  in  some  cases,  a  further 
connection  with  one  or  other  of  the  nerves  just  referred  to. 

(6)  The  branch  to  the  integument  in  front  of  the  patella  perforates  the  sartorius 
muscle  and  the  fascia  lata ;  and,  having  received  a  communicating  offset  from  the 
internal  cutaneous  nerve,  spreads  out  upon  the  fore  part  of  the  knee ;  and,  by  uniting 
with  branches  of  the  middle  and  external  cutaneous  nerves,  forms  a  plexus, — plexus 
patellte. 

(c)  A  branch  to  the  inner  ankle  is  given  off  in  the  lower  third  of  the  leg,  and 
descends  along  the  margin  of  the  tibia. 

(d)  Filaments  from  this  nerve  enter  the  tarsal  ligaments. 

Snmma/ry. — The  anterior  crural  nerve  is  distributed  to  the  skin  upon  the 
fore  part  and  inner  side  of  the  thigh,  commencing  below  the  termination  of  the 
ilio-inguinal  and  genito- crural  nerves.  It  furnishes  also  a  cutaneous  nerve 
to  the  inner  side  of  the  leg  and  foot.  All  the  muscles  on  the  front  and  outer 
side  of  the  thigh  receive  their  nerves  from  the  anterior  crural,  and  the  pec- 
tineus  is  also  in  part  supplied  by  this  nerve,  and  in  part  by  the  obturator. 
The  tensor  muscle  of  the  fascia  lata  is  supplied  from  a  diflerent  source, 
viz.,  the  superior  gluteal  nerve.  Lastly',  two  branches  are  given  from  the 
anterior  crural  nerve  to  the  knee-joint. 


FIFTH  LUMBAR  NERVE, 

The  anterior  branch  of  the  fifth  lumbar  nerve,  having  received  a  fasciculus 
from  the  nerve  next  above  it,  descends  to  join  the  first  sacral  nerve,  and 
form  part  of  the  sacral  plexus.  The  cord  resulting  from  the  union  of  the 
fifth  with  a  pai-t  of  the  fourth  nerve,  is  named  the  lumbosacral  nerve. 


SUPERIOR  GLUTEAL  NERVE. 


Before  joining  the  first  sacral  nerve  the  lumbo-sacral  cord  gives  off  from 
behmd  the  superior  gluteal  nerve  ;  this  offset  leaves  the  pelvis  through  the 
large  sacro-sciatic  foramen,  above  the  pyriformis  muscle,  and  divides  like 
the  gluteal  artery  into  two  branches,  which  are  distributed  chiefiy  to  the 
emaUer  gluteal  muscles  and  tensor  of  the  fascia  lata. 

(a)  The  upper  hmnch  runs  with  the  gluteal  artery  along  the  origin  of  the  gluteus 
™i"'™"f' an^l  IS  lost  in  it  and  in  the  gluteus  medius. 

tJ  '   ,  ^,  ^""'f  crosses  over  the  middle  of  the  gluteus  minimus,  between 

this  and  the  gluteus  medius,  and  supplying  filaments  to  both  those  muscles,  is  cou- 
tmued  forwards,  and  terminates  in  the  tensor  muscle  of  the  fascia  lata. 
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ANTERIOR  PRIMARY  DIVISIONS  OF  THE  SACRAL  AND 
COCCYGEAL  NERVES. 

THE  SACRAL  NERVES. 

The  anterior  divisions  of  the  first  four  sacral  nerves  emerge  from  the 
spinal  canal  by  the  anterior  sacral  foramina,  and  the  fifth  passes  out  between 
the  sacrum  and  coccyx. 

The  first  two  sacral  nerves  are  large,  and  of  nearly  equal  size  ;  the  others 
diminish  rapidly,  and  the  fifth  is  exceedingly  slender.  Like  the  anterior 
divisions  of  the  other  spinal  nerves,  those  of  the  sacral  nerves  communicate 
with  the  sympathetic  :  the  communicating  cords  are  very  short,  as  the 
sympathetic  ganglia  are  close  to  the  inner  margin  of  the  foramina  of  the 
sacrum. 

The  first  three  nerves  and  part  of  the  fourth  contribute  to  form  the  sacral 
plexus.  The  fifth  has  no  share  in  the  plexus, — it  ends  on  the  back  of  the 
coccyx.  As  the  description  of  the  fourth  and  fifth  sacral  nerves  and  of  the 
coccygeal  will  occupy  only  a  short  space,  these  three  nerves  may  be  noticed 
first,  before  the  other  nerves  and  the  numerous  branches  to  which  they 
give  rise  are  described. 

THE  FOURTH  SAORAL  NERVE. 

Only  one  part  of  the  anterior  division  of  this  nerve  joins  the  sacral 
plexus  ;  the  remainder,  which  is  nearly  half  the  nerve,  supplies  branches  to 
the  viscera  and  muscles  of  the  pelvis,  and  sends  downwards  a  connecting 
filament  to  the  fifth  nerve. 

(a)  The  visceral  branches  of  the  fourth  sacral  nerve  are  directed  forwards  to  the 
lower  part  of  the  bladder,  and  communicate  freely  with  branches  from  the  sympa- 
thetic nerve.  Offsets  are  distributed  to  the  neighbouring  viscera,  according  to  the 
sex.  They  will  be  described  with  the  pelvic  portion  of  the  sympathetic  nerve.  The 
foregoing  branches  are,  ia  some  instances,  furnished  by  the  third  sacral  nerve  instead 
of  the  fourth,  and  not  unfrequently  from  both  of  these  nerves. 

(6)  Of  the  muscular  branches,  one  supplies  the  levator  ani,  piercing  that  muscle 
on  the  pelvic  surface ;  another  enters  the  coccygeus,  whilst  a  third  ends  in  the  external 
sphincter  muscle  of  the  rectum.  The  last  branch,  after  passing  either  through  the 
coccygeus,  or  between  it  and  the  levator  ani,  reaches  the  perinsBum,  and  is  distributed 
likewise  to  the  integuments  between  the  anus  and  the  coccyx. 

THE  FIFTH  SACRAL  NERVE. 

The  anterior  branch  of  this,  the  lowest  sacral  nerve,  comes  forwards 
through  the  coccygeus  muscle  opposite  the  junction  of  the  sacrum  with  the 
first  coccygeal  vertebra  ;  it  then  descends  upon  the  coccygeus  nearly  to  the 
tip  of  the  coccyx,  where  it  turns  backwards  through  the  fibres  of  that 
muscle,  and  ends  in  the  integument  upon  the  posterior  and  lateral  aspect  of 
the  bone. 

As  soon  as  this  nerve  appears  in  front  of  the  hone  (in  the  pelvis)  it  is  joined 
by  the  descending  filament  from  the  fourth  nerve,  and  lower  down  by  the  small 
anterior  division  of  the  coccygeal  nerve.  It  supplies  small  filaments  to  the  coccygeus 
muscle. 

THE  COCCYGEAL  NERVE. 

The  anterior  branch  of  the  coccygeal,  or,  as  it  is  sometimes  named,  the 
sixth  sacral  nerve,  is  a  very  small  filament.    It  escapes  from  the  spinal 
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canal  by  the  terminal  opening,  pierces  the  sacro-sciatic  ligament  and  the 
coccygeus  muscle,  and  being  joined  upon  the  side  of  the  coccyx  with  the 
fifth  sacral  nerve,  pai-takes  in  the  distribution  of  that  nerve. 


THE  SACRAL  PLEXUS. 
The  lumbo-sacral  cord  (resulting  as  before  described  from  the  junction  of 


Fig.  441. 


Fig.      441.  —  DiAORAMMATIO 
OCTLINE   OP    THE  LOMBAR 

AND  Sacral  Plexuses  with 

THE      PRINCIPAL  NeKVBS 

arising  from  them,  i 

The  references  to  the  nerves 
of  the  lumbar  plexus  will  be 
found  at  p.  658.  DXII, 
roots  of  the  last  dorsal  nerve  ; 
LI  to  V,  roots  of  the  five 
lumbar  nerves ;  SI  to  V,  and 
CI,  roots  of  the  five  sacral 
and  the  coccygeal  nerves  ; 
IV',  V,  loop  from  the  an- 
terior primary  branches  of 
the  fourth  and  fifth  lumbar 
nerves,  forming  the  lumbo- 
sacral cord ;  3,  superior  glu- 
teal nerve  ;  SG,  sacral  plexus 
ending  in  the  great  sciatic 
nerve  ;  4,  lesser  sciatic  nerve, 
rising  from  the  plexus  pos- 
teriorly; 4',  inferior  gluteal 
branches  ;  5,  inferior  puden- 
dal; 6',  posterior  cutaneotis 
of  the  thigh  and  leg ;  6,  6, 
branches  to  the  obturator  in- 
ternus  and  gemellus  superior  ; 
6',  6',  branches  to  the  ge- 
mellus inferior,  quad  ratus  and 
hip-joint  ;  7,  twigs  to  the 
pyriformis ;  8,  8,  pudic  from 
the  first,  second,  third,  and 
fourth  sacral ;  9,  visceral 
branches ;  9',  twig  to  the 
levator  ani ;  10,  cutaneous 
from  the  fourth,  which  passes 
round  the  lower  border  of  the 
gluteus  maximus  ;  11,  coccy- 
geal branches. 


the  fifth  and  part  of  the 
fourth  lumbar  nerves), 
the  anterior  divisions 
of  the  first  three  sacral 
nerves,  and  part  of  the 
fourth,  unite  to  form 
this  plexus.  Its  con- 
struction differs  from 
that  of  the  other  spi- 
nal    nervous  plexuses 

in  this  respect,  that   the  several  constituent  nerves  entering   into  it 
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unito  into  one  broad  flat  cord.  To  the  place  of  union  the  nerves  proceed  in 
different  directions,  that  of  the  upper  ones  being  obliquely  downwards  while 
that  of  the  lower  is  nearly  horizontal  ;  and,  as  a  consequence  of  this 
difference,  they  dimmish  in  length  from  the  first  to  the  last.  The  sacral 
plexus  rests  on  the  anterior  surface  of  the  pyriform  muscle,  opposite  the  side 
of  the  sacrum,  and  escaping  through  the  great  sacro-sciatic  foramen,  ends  in 
the  great  sciatic  nerve. 

Branches.— The  sacral  plexus  gives  rise  to  the  great  sciatic  nerve,  and  to 
various  smaller  branches  ;  viz.,  the  pudic  nerve,  the  small  sciatic  nerve,  and 
branches  to  the  obturator  internus,  pyriformis,  gemelli,  and  qnadratus 
femoris  muscles. 


MtrSCULAR  BRANCHES. 

a.  To  the  pyriformis  muscle,  one  or  more  branches  are  given,  either  from  the  plexus 
or  from  the  upper  sacral  nerves  before  they  reach  the  plexus. 

b.  The  nerve  of  the  internal  obturator  muscle  arises  from  the  part  of  the  plexus 
formed  by  the  union  of  the  lumbo-sacral  and  the  first  sacral  nerves.  It  turns  over 
the  ischial  spine  of  the  hip-bone  with  the  pudic  vessels,  and  is  then  directed  forwards 
through  the  small  sacro-sciatic  foramen  to  reach  the  inner  surface  of  the  obturator 
muscle. 

c.  To  the  levator  ani  one  or  more  twigs  proceed  from  the  lower  part  of  the  plexus. 

d.  The  superior  gemellus  receives  a  small  branch,  which  arises  from  the  lower  part 
of  the  plexus. 

e.  The  small  nerve  which  supplies  the  lower  gemellus  and  quadratus  femoris 
muscles  springs  from  the  lower  part  of  the  plexus.  Concealed  at  first  by  the  great 
sciatic  nerve,  it  passes  beneath  the  gemelli  and  the  tendon  of  the  internal  obturator, 
— between  those  muscles  and  the  capsule  of  the  hip-joint, — and  reaches  the  deep 
(anterior)  surface  of  the  quadratus.  It  furnishes  a  small  articular  filament  to  the 
back  part  of  the  hip-joint. 

THE  PTJDIC  NERVE. 

This  nerve,  arising  from  the  lower  part  of  the  sacral  plexus,  turns  over 
the  spine  of  the  ischium,  and  then  passes  forwards  through  the  small  sacro- 
aciatic  foramen,  where  it  usxially  gives  off  the  inferior  hsRmorrhoidal  branch. 
It  is  next  directed  along  the  outer  part  of  the  ischio-rectal  fossa,  in  a  sheath 
of  the  obturator  fascia,  along  with  the  pudic  vessels,  and  divides  into  two 
terminal  branches,  the  perinaeal  nerve  and  the  dorsal  nerve  of  the  penis. 

A. — The  perinaeal  nerve,  the  lower  and  much  the  larger  of  the  two 
divisions  of  the  pudic  nerve,  lies  below  the  pudic  artery,  and  is  expended  in 
superficial  and  muscular  branches. 

a.  The  superficial  perinceal  branches  are  two  in  number,  anterior  and  posterior. 
The  posterior  branch,  which  first  separates  from  the  perinseal  nerve,  reiching  the  back 
part  of  the  ischio-rectal  fossa,  gives  filaments  inwards  to  the  skia  in  front  of  the 
anus,  and  turns  forwards  in  company  with  the  anterior  braach  to  reach  the  scrotum. 
The  anterior  branch  descends  to  the  fore  part  of  the  ischio  rectal  fossa;  and,  passing 
forwards  with  the  superficial  perinseal  artery,  ramifies  in  the  skin  on  the  fore  part  of 
the  scrotum  and  on  the  penis.  This  branch  sends  small  twigs  to  the  levator  ani 
muscle,  The  superficial  perinceal  nerves  are  accompanied  to  the  scrotum  by  tlie 
inferior  pudendal  branch  of  the  small  sciatic  nerve.  The  three  branches  are  some- 
times named  long  scrotal  nerves. 

In  the  female,  both  the  superficial  perinajal  branches  terminate  in  the  external 
labium  pudendi. 

b.  The  muscular  branches  generally  arise  by  a  single  trunk,  which  is  directed 
inwards  under  cover  of  the  transversalis  perinaji  muscle,  and  divides  into  off:iet3  which 
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are  distributed  to  the  tranaversalis  perinxi,  erector  pouis,  accelerator  urinse,  and 
compressor  urethne. 

c.  Slender  filaments  are  Bent  inwards  to  the  corpus  spongiosum  uretliro3;  some  of 
these  before  penetrating  the  erectile  tissue,  run  a  considerable  distance  over  its 
surface. 


Fig.  442  —Right  Side  op  the  Eig-  442. 

Inteuiok  op  the  Male  Pelvis, 
WITH  THE  Principal  Nerves 
displayed  (fromHirsohfeld  and 
Leveille).  | 

The  left  wall  has  been  removed 
as  far  as  the  sacrum  behind  and 
the  symphysis  pubis  in  front ;  the 
viscera  and  the  lower  part  of  the 
levator  ani  have  been  removed  ; 
a,  the  lower  part  of  the  aorta  ;  a', 
placed  on  the  fifth  lumbar  ver- 
tebra, between  the  two  common 
iliac  arteries,  of  which  the  left  is 
cut  short ;  b,  the  right  external 
iliac  artery  and  vein  ;  c,  the  sym- 
physis pubis  ;  d,  the  divided  py- 
riformis  muscle,  close  to  the  left 
auricular  surface  of  the  sacrum  ; 
e,  bulb  of  the  urethra  covered  by 
the  accelerator  urinse  muscle  ;  the 
membranous  part  of  the  urethra 
cut  short  is  seen  passing  into  it ; 
1,  placed  on  the  crest  of  the  ilium 
points  to  the  external  cutaneous 
nerve  of  the  thigh  passing  over 
the  iliacus  muscle ;  2,  placed  on 
the  psoas  muscle  points  to  the 

genito-crural  nei-ve  ;  3,  obturator  nerve  ;  4,  4,  placed  on  the  lumbo-sacral  cords ;  that  of  the 
right  side  points  to  the  gluteal  artery  cut  short ;  4',  the  superior  gluteal  nerve  ;  5,  placed 
on  the  inside  of  the  right  sacral  plexus,  points  by  four  lines  to  the  anterior  divisions  of  the 
four  upper  sacral  nerves,  which,  with  the  lumbo-sacral  cord,  unite  in  the  plexus  ;  6',  placed 
on  the  fifth  piece  of  the  sacrum,  points  to  the  fifth  sacral  nerves  ;  5",  the  visceral  branches 
proceeding  from  the  third  and  fourth  sacral  nerves ;  6,  placed  on  the  lower  part  of 
the  coccyx,  below  the  coccygeal  nerves;  7,  placed  on  the  line  of  division  of  the  pelvic 
fascia,  points  to  the  nerve  of  the  levator  ani  muscle  ;  8,  placed  at  the  lower  border  of  the 
great  sacro-sciatic  ligament,  points  to  the  cutaneous  nerves  of  the  anus  ;  9,  nerve  of  the 
obturator  intemus ;  10,  the  pudic  nerve  ;  10',  is  placed  above  the  muscular  branches  of  the 
perineal  nerve ;  10",  the  anterior  and  posterior  superficial  perineal  nerves,  and  on  the 
scrotum  the  distribution  of  these  nerves  and  the  inferior  pudendal  nerve  ;  11,  the  right 
dorsal  nerve  of  the  penis  ;  11',  the  nerve  on  the  left  crus  penis  which  is  cut  short  ;  12,  the 
continuation  of  the  lesser  sciatic  nerve  on  the  back  of  the  thigh  ;  12',  the  inferior  pudendal 
branch  ;  13,  placed  on  the  transverse  process  of  the  fifth  lumbar  vertebra,  marks  the  lowest 
lumbar  sympathetic  ganglion  ;  14,  placed  on  the  body  of  the  first  piece  of  the  sacrum, 
points  to  the  upper  sacral  sympathetic  ganglia  ;  between  14  and  6,  are  seen  the  remain- 
ing ganglia  and  sympathetic  nervous  cords,  as  well  as  their  uuion  with  the  sacral  and 
coccygeal  nerves,  and  at  6,  the  lowest  ganglion  or  ganglion  impar. 


— The  dorsal  nerve  of  the  penis,  the  upper  division  of  the  pudic  nerve, 
accompanies  the  pudic  artery  in  ita  course  between  the  layers  of  the  deep 
perinseal  or  sub-pubic  fascia,  and  afterwards  through  the  suspensory 
ligament,  to  reach  the  dorsum  of  the  penis,  along  which  it  passes  as  far  as 
the  glaus,  where  it  divides  into  filaments  for  the  supply  of  that  part.  On 
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the  penis,  this  nerve  is  joined  by  branches  of  the  sympathetic  system,  and 
ib  sends  outwards  numerous  offsets  to  the  integument  on  the  upper  surface 
and  sides  of  the  organ,  including  the  prepuce.  One  large  branch  penetrates 
the  corpus  cavernosum  penis. 

In  the  female,  the  dorsal  nerve  of  the  clitoris  is  much  smaller  than  the 
corresponding  branch  in  the  male  ;  it  is  similarly  distributed. 

— The  inferior  hccmorrhoiclal  nerve  arises  from  the  pudic  nerve  at  the 
back  of  the  pelvis,  or  it  may  come  directly  from  the  sacral  plexus,  and  be 
transmitted  through  the  small  sacro-sciatic  foramen  to  its  distribution  in  the 
lower  end  of  the  rectum. 


Fig.  443. 


Fig.  443. — Dissection  of  the  PERiNiEnM  of  the  Male  to  show  the  Distribution  of 
THE  PuDio  AND  OTHER  Nerves  (from  Hlrsclifeld  and  Leveille).  ^ 

On  the  right  side  a  part  of  the  gluteus  maximus  muscle  and  the  great  sacro-sciatic  liga- 
ment bave  been  removed  to  show  the  descent  of  tbe  nerves  from  the  great  sacro-sciatic 
foramen.  1,  great  sciatic  nerve  of  the  right  side  ;  2,  lesser  sciatic  nerve  ;  2',  its  muscular 
brancbes  to  the  gluteus  maximus  (right  side) ;  2",  cutaneous  branches  to  the  buttock  (left 
side) ;  3,  continuation  of  the  nerve  as  posterior  middle  cutaneous  of  the  thigh  ;  3',  internal 
and  external  cutaneous  branches;  4,  4,  inferior  pudendal  branch  ;  4',  network  of  this  and 
the  perineal  nerves  on  the  scrotum;  5,  right  pudic  nerve;  6,  superior  branch  or  nerve 
to  the  penis  ;  7,  the  external  superficial  perineal  branch  ;  7',  the  internal  superficial 
perineal  branch  ;  8,  musculo-bulbal  branches  ;  9,  hemorrhoidal  or  cutaneous  anal  branches  ; 
10,  cutaneona  branch  of  the  fourth  sacral  nerve. 

Some  of  the  branches  of  this  nerve  end  in  the  external  sphincter  and  in  the  adjacent 
skin  of  the  anus ;  others  reach  the  skin  in  front  of  that  part,  and  communicate  with 
the  inferior  pudendal  branch  of  the  small  sciatic  nerve,  and  with  the  superficial 
perineal  nerves. 

Summary. — The  pudic  nerve  supplies  the  perinaeum,  the  penis,  and  part 
of  the  scrotum,  also  the  urethral  and  anal  muscles  in  the  male  ;  and  the 
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cUtoris,  labia,  and  other  corresponding  parts  in  the  female.  It  communi- 
catea  with  the  inferior  pudendal  branch  of  the  small  sciatic  nerve. 

SMALL  SCIATIC  NERVE. 

The  small  sciatic  nerve  (nervus  ischiadicus  minor)  is  chiefly  a  cutaneous 
nerve,  supplying  the  integument  of  the  lower  part  of  the  buttock,  the  back 
of  the  thigh,  and  upper  part  of  the  calf  of  the  leg;  it  furnishes  also  branches 
to  one  muscle — the  gluteus  maximus. 

This  nerve  is  formed  by  the  union  of  two  or  more  nervous  cords,  derived 
from  the  lower  and  back  part  of  the  sacral  plex  us.  Arising  below  the  pyriform 
muscle,  it  descends  beneath  the  gluteus  maximus,  and  at  the  lower  border 
of  that  muscle  comes  into  contact  with  the  fascia  lata.  Continuing  its 
course  downwards  along  the  back  of  the  limb,  it  perforates  the  fascia  a 
little  below  the  knee. 


Fig.  444.  —  Deep  Nerves  in  the 
Gluteal  and  Inferior  Pudendal 
Eegions  (from  Hirschfeld  and  Le- 
veille).  i 


Fig.  444. 


a,  back  part  of  the  great  trochanter ; 
h,  tensor  vaginse  femoris  muscle ;  c, 
tendon  of  the  obturator  internus  muscle 
near  its  insertion  ;  d,  upper  part  of  the 
vastus  externus ;  e,  coccyx  ;  /,  gracilis 
muscle  ;  between  /  and  d,  the  adductor 
magnus,  semitendinosus  and  biceps 
muscles  ;  *  placed  at  the  meeting  of  the 
crura  penis  above  the  urethra ;  1, 
placed  upon  the  ilium  close  above  the 
sacro-sciatic  notch,  marks  the  superior 
gluteal  nei-ve,  and  on  the  divided  parts 
of  the  gluteus  medius  muscle,  the  supe- 
rior branch  of  the  nerve  ;  1',  on  the 
surface  of  the  gluteus  minimus  muscle, 
the  inferior  branch  of  the  nerve  ;  1", 
branch  of  the  nerve  to  the  tensor  vaginsie 
femoris  ;  2 ,  sacral  plexus  and  great 
sciatic  nerve ;  2',  muscular  twig  from 
the  plexus  to  the  pyriformis  ;  2",  mus- 
cular branches  to  the  gemellus  superior 
and  obturator  internus  ;  3,  lesser  sciatic 
nerve ;  3',  placed  on  the  upper  and 
lower  parts  of  the  divided  gluteus 
maximus,  the  inferior  gluteal  muscular  branches  of  the  lesser  sciatic  nerve ;  3",  the 
cutaneous  branches  of  the  same  nerve  winding  round  the  lower  border  of  the  gluteus 
maximus  ;  4,  the  continuation  of  the  lesser  sciatic  nerve  as  posterior  cutaneous  nerve  of 
tbe  thigh  ;  4',  inferior  pudendal  branch  of  the  lesser  sciatic  ;  6,  placed  on  the  lower  part 
of  the  sacral  plexus,  points  to  the  origin  of  the  pudic  nerve ;  6,  its  perineal  division  with 
its  muscular  branches  ;  6',  anterior  or  superior  superficial  perineal  branch  ;  6",  posterior 
or  inferior  superficial  perineal ;  +  +  ,  distribution  of  these  nerves  and  the  inferior  puden- 
dal on  the  scrotum ;  7,  dorsal  nerve  of  the  penis. 

The  branches  of  the  small  sciatic  nerve  are  as  follows  : — 

A.  The  inferior  gluteal  branches,  given  ofip  under  the  gluteus  maximus,  supply  the 
lower  part  of  that  muscle. — A  distinct  gluteal  branch  commonly  proceeds  from  the 
sacral  plexus  to  the  upper  part  of  the  muscle. 

B.  The  cutaneous  iranchea  of  the  nerve  principally  emerge  from  beneath  the  lower 
border  of  the  gluteus  maximus,  arranged  in  an  external  and  an  internal  set.  Others 
appear  lower  down. 
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at  the  upper  part.  t)nc  branch,  however,  which  is  much  larger  than  the  rest  U 
distinguished  as  the  inferior  pudendaL  ' 
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Fig.  445. — PosTERioa  Cutaneous  Nerves  of  the  Hip  and  Thioh 
(from  Hirschfeld  and  Leveille).  ^ 

a,  gluteus  maximus  muscle  partially  uncovered  by  the  removal  of  a  part  of  the  faacia 
lata,  and  divided  at  its  inferior  part  to  show  the  lesser  sciatic  nerve  ;  h,  fascia  lata  over 
the  glutei  muscles  and  the  outer  part  of  the  hip  ;  c,  d,  part  of  the  semitendinosus,  biceps 
and  semimembranosus  muscles  exposed  by  the  removal  of  the  fiiscia  ;  e,  gastrocnemius  ; 
/,  coccyx  ;  g,  internal  branches  of  the  saphena  vein;  ],  iliac  cutaneous  branches  of  the 
ilio-inguinal  and  ilio-hypogastric  nerves ;  2,  cutaneous  iliac  branches  of  the  last  inter- 
costal; 3,  posterior  twigs  of  the  external  cutaneous  nerve  of  the  thigh  ;  4,  lesser  sciatic 
nerve  issuing  from  below  the  gluteus  maximus  muscle  ;  4',  its  muscular  branches  ; 
4",  its  cutaneous  gluteal  branches ;  5,  posterior  middle  cutaneous  continued  from 
the  lesser  sciatic ;  5',  6',  its  inner  and  outer  branches  spreading  on  the  fascia  of  th« 
thigh  ;  6,  6,  its  terminal  branches  descending  on  the  calf  of  the  leg  ;  7,  posterior  tibial 
and  fibular  nerves  separating  in  the  popliteal  space;  8,  lower  posterior  divisions  of  the 
sacral  and  coccygeal  nerves  ;  9,  inferior  pudendal  nerve. 

Fig.  446. — Deep  Posterior  Nerves  op  the  Hip  and  Thioh 
(from  Hirschfeld  and  Leveille).  \ 

a,  gluteus  medius  muscle ;  6,  gluteus  maximus  ;  c,  pyrifurmis ;  d,  placed  on  the 
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trochanter  major,  poiats  to  the  tendou  of  the  obturator  internus  ;  e,  upper  part  of  the 
femoral  head  of  the  biceps ;  /,  semiteadiiiosus  ;  g,  semimembrauosus ;  h,  gastrocnemius  ; 
t,  popliteil  artery;  1,  placed  on  the  Rluteus  minimus  muscle,  p lints  to  the  superior 
gluteal  nerves  ;  2,  inferior  gluteal  branches  of  the  lesser  sciatic;  3,  placed  on  the  greater 
sacro-sciatic  ligament,  points  to  the  pudic  nerve ;  3',  its  farther  course  ;  4,  inferior 
pudendal;  5,  placed  on  the  upper  divided  part  of  the  semitmdinosus  and  biceps,  points 
to  the  posterior  middle  cutaneous  nerve  of  the  thigh  ;  6,  great  sciatic  nerve,  6',  6',  some 
of  its  muscular  branches  to  the  flexors  ;  7,  internal  popliteal  or  posterior  tibial  nerve  ;  7  , 
its  muscular  or  sural  branches  ;  8,  external  popliteal  or  peroneal  nerve;  8',  its  external 
cutaneous  branch ;  9,  communicating  tibial ;  9',  communicating  peroneal  branch  to  the 
external  saphenous  nerve. 

The  inferior  pudendal  branch  turns  forwards  below  the  ischial  tuberosity  to  reach 
the  pcrinaeum.  Its  filaments  then  extend  forwards  to  the  front  and  outer  part  of  the 
scrotum,  and  communicate  with  one  of  the  superficial  perineal  nerves.  In  the 
female,  the  inferior  pudendal  branch  is  distributed  to  the  c-icternal  labium  pudendi. 

b.  The  external  cutaneous  branches,  two  or  three  in  number,  turn  upwards  in  a 
retrograde  course  to  the  skin  over  the  lower  and  outer  part  of  the  great  gluteal 
muscle.  In  some  instances  one  takes  a  different  course,  descending  and  ramifying 
in  the  integuments  on  the  outer  side  of  the  thigh  nearly  to  the  middle. 

c.  Of  the  lower  branches  some  small  cutaneous  filaments  pierce  the  fascia  of  the 
thigh  above  the  popliteal  space.  One  of  these,  arising  somewhat  above  the  knee-joint, 
is  prolonged  over  the  popliteal  region  to  the  upper  part  of  the  leg. 

Of  the  terminal  twigs,  perforating  the  fascia  lata  opposite  the  lower  part  of  the 
popliteal  space,  one  accompanies  the  short  saphenous  vein  beyond  the  middle  of  the 
leg,  and  others  pass  into  the  integument  covering  the  inner  and  outer  heads  of  the 
gastrocnemius  muscle.  Its  terminal  cutaneous  branches  communicate  with  the  short 
saphenous  nerve. 


GREAT  SCIA.TIO  NERVE. 

The  great  sciatic  nerve  (nervus  iscliiadiciis),  the  largest  nerve  in  the  body, 
supplies  the  muscles  at  the  back  of  the  thigh,  and  by  its  branches  of  con- 
tinuation gives  nerves  to  all  the  muscles  below  the  knee  and  to  the  greater 
part  of  the  integu-nent  of  the  leg  and  foot.  The  several  joints  of  the 
lower  limb  receive  filaments  from  it  and  its  branches. 

This  large  nerve  is  continued  from  the  lower  end  of  the  sacral  plexus.  It 
escapes  from  the  pelvis  through  the  great  sacro-sciatic  foramen,  bslow  the  pyri- 
formi'j  muscle,  and  reaches  down  below  the  middle  of  the  thigh,  where  it 
separates  into  two  large  divisions,  named  the  internal  and  external  popliteal 
nerves.  At  first  it  lies  in  the  hollow  between  the  great  trochanter  and  the 
ischial  tuberosity,  covered  by  the  gluteus  maximus  and  resting  on  the 
gemeUi,  obturator  internus  and  quadratus  femoris  muscles,  in  company  with 
the  small  sciatic  nerve  and  the  sciatic  artery,  and  receiviag  from  that  artery  a 
branch  which  runs  for  some  distance  in  its  sub3tance.  Lower  down  it  rests 
on  the  adductor  magaus,  and  is  covered  behind  by  the  long  head  of  the 
biceps  muscle. 

The  bifurcation  of  the  sciatic  nerve  may  take  place  at  any  point  intermediate  be- 
tween the  sacral  plexus  and  the  lower  part  of  the  thigh;  and,  occasionally,  it  is 
found  to  occur  even  within  the  pelvis,  a  portion  of  the  pyriformis  muscle  being  inter- 
posed between  the  two  great  divisions  of  the  nerve. 

Branches  of  the  trunk. — In  its  course  downwards,  the  great  sciatic  nerve 
supplies  offsets  to  some  contigaous  parts,  viz.,  to  the  hip-joint,  and  to  the 
muscles  at  the  back  of  the  thigh, 

a.  The  articular  brandies  are  derived  from  the  upper  end  of  the  nerve,  and  eater 
the  capsular  ligament  of  the  hipjoint,  on  the  posterior  aspect.  They  sometimes  arise 
from  the  sacral  plexus. 
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h.  The  mnsciilar  hranclies  are  given  off  under  cover  of  the  biceps  muscle ;  they 
supply  the  flexors  of  the  log,  viz.,  the  biceps,  semitencliaosus,  and  semimembraaosus. 
A  branch  is  likewise  given  to  the  adductor  magnus. 

INTERNAL  POPLITEAL  NKEVB. 

The  internal  popliteal  nerve,  the  larger  of  the  two  divisions  of  the  great 
sciatic  nerve,  following  the  same  direction  as  the  parent  trunk,  continues 
along  the  middle  of  the  popliteal  space  to  the  lower  border  of  the  popliteus 
muscle,  beneath  which  point  the  continuation  of  the  trunk  receives  the 
name  of  jposterior  tibial.    The  internal  popliteal  nerve  lies  at  first  at  a 

considerable  distance  from  the  popliteal  artery. 
Fig.  447.  at  the  outer  side  and  nearer  to  the  surface ;  but, 

from  the  knee-joint  downwards,  the  nerve, 
continuing  a  straight  course,  is  close  behind 
the  artery,  and  then  crosses  it  rather  to  the 
inner  side. 

Fig.  447. — Posterior  Cutaneotts  Nerves  of  the  Leg 
(from  Sappey  after  Hirschfeld  and  Leveill^).  s 

1 ,  internal  popliteal  division  of  the  great  sciatic  nerve ; 
2,  branch  to  the  internal  part  of  the  gastrocnemius 
muscle  ;  3,  4,  branches  to  the  external  part  and  plan- 
taris  ;  5,  communicating  branch  to  the  external  saphe- 
nous nerve ;  6,  external  popliteal  nerve  ;  7,  cutaneous 
branch  ;  8,  communicating  branch  descending  to  unite 
with  that  from  the  internal  popliteal  in,  9,  the  external 
saphenous  nerve  ;  10,  calcaneal  branch  from  this  nerve  ; 
11,  calcaneal  and  plantar  cutaneous  branches  from  the 
posterior  tibial  nerve  ;  1 2,  internal  saphenous  nerve ; 
13,  posterior  branches  of  this  nerve. 

The  inner  division  of  the  sciatic  nerve,  from  its 
commencement  to  its  partition  at  the  foot,  is  often 
described  in  anatomical  works  under  the  same  appel- 
lation throughout ;  the  name  varying,  however,  with 
different  writers,  as  for  example,  "  cruralis  internus," 
or  "  popliteus  internus,"— Winslow  :  "  tibialis  pos- 
terior,"— Haller  :  "  tibialis  vel  tibieus," — Fischer,  &c. 

Branches. — The  internal  popliteal  nerve  sup- 
plies branches  to  the  knee-joint  and  to  the 
muscles  of  the  calf  of  the  leg,  and  also  part  of 
a  cutaneous  branch,  the  external  or  short  sa- 
phenous nerve. 

Articular  Nerves. — The  articular  hranclies  are 
generally  three  in  number ;  two  of  these  accompany 
the  upper  and  lower  articular  arteries  of  the  inner 
side  of  the  knee-joint,  the  third  follows  tlie  middle 
or  azygos  artery.  These  nerves  pierce  the  ligamentous  tissue  of  the  joint. — The  upper 
one  is  often  wanting. 

MusCDLAR  Bkanches. — The  muscular  blanches  of  the  internal  popliteal 
nerve  arise  behind  the  knee-joint,  while  the  nerve  is  between  the  heads  of 
the  gastrocnemius  muscle  : — 

a.  The  nerves  to  the  gastrocnemius  consist  of  two  branches,  which  separate  one 
to  supply  each  part  of  the  muscle. 
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h.  The  small  nerve  of  the  plantaria  muscle  is  derived  from  the  outer  of  the  branches 
just  described,  or  directly  from  the  main  trunk  (internal  popliteal). 

c.  The  soleus  receives  a  branch  of  considerable  size,  which  enters  the  muscle  on  the 
posterior  aspect  after  descending  to  it  in  front  of  the  gastrocnemius. 

d  The  nerve  of  the  popliteus  muscle  lies  deeper  than  the  precedmg  branches,  and 
arises  somewhat  below  the  joint :  it  descends  along  the  outer  side  of  the  popliteal 
vessels,  and,  after  turning  beneath  the  lower  border  of  the  muscle,  enters  tlie  deep  or 
anterior  surface. 

EXTERNAL  OR  SHORT  SAPHENOUS  NERVE. 

The  cutaneous  branch  of  the  internal  popliteal  nerve  (ramus  communicans 
tibialis)  descends  along  the  leg  beneath  the  fascia,  resting  on  the  gastro- 
cnemius, in  the  furrow  between  the  heads  of  the  muscle,  to  about  midway 
between  the  knee  and  the  foot.  Here  it  perforates  the  fascia,  and  a  little 
lower  down  is  usually  joined  by  a  branch  from  the  external  popliteal  nerve 
(communicans  peronei).  After  receiving  this  communicating  branch,  the 
external  saphenous  nerve  descends  beneath  the  integument  near  the  outer 
side  of  the  tendo  Achillis  in  company  with  the  short  saphenous  vein,  and 
turns  forwards  beneath  the  outer  malleolus  to  end  in  the  skin  at  the  side  of 
the  foot  and  on  the  little  toe.  On  the  dorsum  of  the  foot  this  nerve  com- 
municates with  the  musculo-cutaneous  nerve. 

In  many  cases,  the  external  saphenous  nerve  supplies  the  outer  side  of  the  fourth  toe, 
as  well  as  the  little  toe.  The  union  between  the  saphenous  nerve  and  the  branch  of 
the  external  popliteal  nerve  occurs  in  some  cases  higher  than  usual,  occasionally  even 
at  or  close  to  the  popliteal  space.  It  sometimes  happens  that  the  communication 
between  the  nerves  is  altogether  wanting ;  in  which  case  the  cutaneous  nerve  to  the 
foot  is  generally  continued  from  the  branch  of  the  internal  popliteal  nerve. 

POSTERIOR  TIBIAL  NERVE. 

The  internal  popliteal  nerve  receives  the  name  of  posterior  tibial  at  the 
lower  margin  of  tlie  popliteus  muscle.  It  passes  down  the  leg  with  the  pos- 
terior tibial  artery,  lying  for  a  short  distance  at  the  inner  side  of  the  vessel, 
and  afterwards  at  the  outer  side  ;  the  artery  inclining  inwards  from  its  origin 
whUe  the  nerve  continues  its  straight  course.  In  the  interval  between  the 
inner  malleolus  and  the  heel,  it  divides  into  the  two  plantar  nerves  (internal 
and  external).  The  posterior  tibial  nerve,  like  the  accompanying  vessels,  is 
covered  at  first  by  the  muscles  of  the  calf  of  the  leg,  afterwards  only  by 
the  integument  and  fascia,  and  it  rests  upon  the  deep-seated  muscles. 

Lateral  branches. — The  deep  muscles  on  the  back  of  the  leg  and  the 
integument  of  the  sole  of  the  foot  receive  branches  from  the  posterior  tibial 
nerve  in  its  course  along  the  leg. 

a.  The  muscular  branches  emanate  from  the  upper  part  of  the  nerve,  either  sepa- 
rately or  by  a  common  trunk;  and  one  is  distributed  to  each  of  the  deep  muscles, 
viz.,  the  tibialis  posticus,  the  long  flexor  of  the  toes,  and  the  long  flexor  of  the  great 
toe.  The  branch  which  supplies  the  last-named  muscle  runs  along  the  peroneal 
artery  before  penetrating  the  muscle. 

b.  A  calcaneo-plantar  cutaneous  branch  is  furnished  from  the  posterior  tibial  nerve  ; 
the  plantar  part  perforates  the  internal  annular  ligament,  and  ramifies  in  the  integu- 
ment at  the  inner  side  of  the  sole  of  the  foot,  and  beneath  the  heel. 

INTERNAL  PLANTAR  NERVE. 

The  internal  plantar,  the  larger  of  the  two  nerves  to  the  sole  of  the  foot, 
into  which  the  posterior  tibial  divides,  accompanies  the  internal  or  smaller 
plantar  artery,  and  supplies  nerves  to  both  sides  of  the  three  inner  toes,  and 
to  one  side  of  the  fourth.    From  the  point  at  which  it  separates  from  the 
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josterior  tibial  neiTe,  it  is  directed  forwards  under  cover  of  the  first  part  of 
he  abductor  of  the  great  toe,  and,  passing  between  that  muscle  and  tie 
short  flexor  of  the  toes,  it  gives  off  the  internal  cutaneous  branch  for  the 
great  toe,  and  divides  opposite  the  middle  of  the  foot  into  three  dioital 
branches.  The  outermost  of  the.e  branches  communicates  with  the  external 
plantar  nerve. 

Branches.-a.  Small  muscular  branches  are  supplied  to  the  abductor  pollicU  and 
flexor  brevis  digitomm.  ^ 

_  h.  Small  plantar  cutaneous  branches  perforate  the  plantar  fascia  to  ramify  in  the 
integument  of  the  sole  of  the  foot.  .  j  »c 

c.  The  digital  branches  are  named  numerically  from  within  outwards  •  the  three 
outer  pass  from  under  cover  of  the  plantar-  fascia  near  the  clefts  between  the  toes. 
J  he  first  or  innermost  branch  continues  single,  but  the  other  three  bifurcate  to  supply 
the  adjacent  sides  of  two  toes.    These  branches  require  separate  notice. 

The  first  digital  branch  is  that  destined  for  the  inner  side  of  the  great  toe  •  it 
becomes  subcutaneous  farther  back  than  the  others,  and  sends  ofif  a  branch  to  the 
llezor  hrevis  poUicis. 


Fig.  418. 


Fig.  448. — SuPEEFioiAL  AND  Debp  Distribution  of 
THE  Plantae  Nerves  (from  Hirschfeld  aDd  Le- 
veille,  slightly  modified),  i 


The  flexor  communis  brevis,  the  abductor 
pollicis  and  abductor  minimi  digiti,  a  part  of  the 
tendons  of  the  flexor  communis  longus,  together  with 
the  lumbricales  muscles,  have  been  removed  so  as  to 
bring  into  view  the  transversus  and  iuterossei  in  the 
middle  of  the  foot. 

a,  upon  the  posterior  extremity  of  the  flexor  com- 
munis brevis,  near  which,  descending  over  the  heel, 
are  seen  ramifications  of  the  calcaneal  branch  of 
the  posterior  tibial  nerve ;  b,  abductor  pollicis  ;  c, 
tendon  of  the  flexor  communis  longus  divided  close  to  ■ 
the  place  whei'e  it  is  joined  by  the  flexor  accessorius  ; 
d,  abductor  minimi  digiti ;  e,  tendon  of  the  flexor 
longus  pollicis  between  the  two  portions  of  the  flexor 
brevis  pollicis  ;  1,  internal  plantar  nerve  giving  some 
twigs  to  the  abductor  pollicis,  and  1',  a  branch  to  the 
flexor  communis  brevis,  cut  as  it  lies  on  the  acces- 
sorius ;  2,  inner  branch  of  the  internal  plantar  nerve 
giving  branches  to  the  abductor  pollicis,  flexor  brevis 
pollicis,  and  forming,  2',  the  internal  cutaneous  of 
the  great  toe  ;  3,  continuation  of  the  internal  plantar 
nerve,  dividing  subsequently  into  three  branches, 
which  form,  S',  3',  3',  the  collateral  plantar  cutaneous 
nerves  of  the  first  and  second,  second  and  third,  and 
third  and  fourth  toes  ;  4,  the  external  plantar  nerve  ; 
4',  its  branch  to  the  abductor  minimi  digiti ;  5,  twig 
of  union  between  the  plantar  nerves  ;  6,  superficial 
branch  of  the  external  plantar  nerve  ;  subsequently 
dividing  into  6',  6',  the  collateral  cutaneous  nerves  of 
the  fourth  and  fifth  toes  and  the  external  nerve  of  the  fifth  ;  7,  deep  branch  of  the 
external  plantar  nerve  giving  twigs  to  the  adductor  pollicis,  the  interossei,  the  traus- 
versalis,  and  to  the  third  and  fourth  lumbricales  muscles. 

The  second  branch  having  reached  the  interval  between  the  first  and  second  meta- 
tarsal bones,  furnishes  a  small  twig  to  the  first  lumbricalis  muscle,  and  bifurcates 
behind  the  cleft  between  the  great  toe  and  the  second  to  supply  their  contiguous 
sides. 

The  third  digital  branch,  corresponding  with  the  second  interosseous  space,  gives 
a  slender  filament  to  the  second  lumbricalis  muscle,  and  divides  in  a  manner  similar 
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to  that  of  the  second  branch  into  two  offsets  for  the  sides  of  the  second  and  third 

'"The/our/^  digital  branch,  distributed  to  the  adjacent  sides  of  the  third  and  fourth 
toes,  receives  a  communicating  branch  from  the  external  plantar  nerve. 

Along  the  sides  of  the  toes,  cutaneous  and  articular  filaments  are  given  from  these 
digital  nerves;  and,  opposite  the  ungual  phalanx,  each  sends  a  dorsal  branch  to  the 
pulp  beneath  the  nail,  and  then  runs  on  to  the  ball  of  the  toe,  where  it  is  distributed 
like  the  nerves  of  the  fingers. 

EXTERNAL  PLANTAR  NERVE. 

The  external  plantar  nerve  completes  the  supply  of  digital  nerves  to  the 
toes,  fumishmg  branches  to  the  little  toe  and  half  the  fourth:  it  also  gives  a 
deep  branch  of  considerable  size,  which  is  distributed  to  several  of  the  short 
muscles  in  the  sole  of  the  foot.  There  is  thus  a  great  resemblance 
between  the  distribution  of  this  nerve  in  the  foot  and  that  of  the  ulnar 
nerve  in  the  hand. 

The  external  plantar  nerve  runs  obliquely  forwards  towards  the  outer  side 
of  the  foot,  along  with  the  external  plantar  artery,  between  the  flexor  brevis 
digitorum  and  the  flexor  accessorius,  as  far  as  the  interval  between  the 
former  muscle  and  the  abductor  of  the  little  toe.  Here  it  divides  into  a 
superficial  and  a  deep  branch,  having  previously  furnished  oSsets  to  the 
flexor  accessorius  and  the  abductor  minimi  digiti. 

a.  The  superficial  portion  separates  into  two  digital  branches,  which  have  the  same 
general  arrangement  as  the  digital  branches  of  the  internal  plantar  nerve.  They  are 
distributed  thus : — 

Digital  branches. — One  of  the  digital  branches  continues  undivided,  and  runs 
along  the  outer  side  of  the  little  toe :  it  is  smaller  than  the  other,  and  pierces 
the  plantar  fascia  further  back.  The  sho7't  flexor  muscle  of  the  little  toe,  and 
occasionally  ojie  or  two  interosseous  muscles  of  the  fourth  metatarsal  space  receive 
branches  from  this  nerve. 

The  larger  digital  branch  communicates  with  an  offset  from  the  internal  plantar 
nerve,  and  bifurcates  near  the  cleft  between  the  fourth  and  fifth  toes  to  supply  one 
side  of  each. 

b.  The  deep  or  muscular  branch  of  the  external  plantar  nerve  dips  into  the  sole  of 
the  foot  with  the  external  plantar  artery,  under  cover  of  the  tendons  of  the  flexor 
muscles  and  the  adductor  pollicis,  and  terminates  in  numerous  branches  for  the  fol- 
lowing muscles : — all  the  interossei  (dorsal  and  plantar)  except  occasionally  one  or 
both  of  those  in  the  fourth  space,  the  two  outer  lumbricales,  the  adductor  pollicis, 
and  the  transversalis  pedis. 

Summary  of  the  internal  popliteal  nerve. — This  nerve  supplies  all  the 
muscles  of  the  back  of  the  leg  and  sole  of  the  foot,  and  the  integument  of 
the  plantar  aspect  of  the  toes,  the  sole  of  the  foot,  and  iu  part  that  of 
the  leg. 

EXTERNAL  POPLITEAL  OR  PERONEAL  NERVE. 

This  nerve  descends  obliquely  along  the  outer  side  of  the  popliteal  space, 
lying  close  to  the  biceps  muscle.  Continuing  downwards  over  the  outer 
part  of  the  gastrocnemius  muscle  (between  it  and  the  biceps)  below  the  head 
of  the  fibula,  the  nerve  turns  round  that  bone,  passing  between  it  and  the 
peroneus  lougus  muscle,  and  then  divides  into  the  anterior  tibial  and  the 
muscido-cutaneous  nerves. 

Lateral  branches. —Some  articular  and  cutaneous  branches  are  derived 
from  the  external  popliteal  nerve  before  its  final  division. 

Articular  Nerves.— The  articular  branches  are  conducted  to  the  outer 
side  of  the  capsular  ligament  of  the  knee-joint  by  the  upper  and  lower 
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articular  arteries  of  that  side.  They  sometimes  arise  together,  and  the 
upper  one  occasionally  springs  from  the  great  sciatic  nerve  before  the  bifur- 
cation. 

From  the  place  of  division  of  the  external  popliteal  nervo,  a  recurrent 
articular  nerve  ascends  through  the  tibialis  aiiticus  muscle  with  the  recur- 
rent artery  to  reach  the  fore  part  of  the  knee-joint. 


Fig.  449.  Fig.  449. — Cotankous  Nerves  of  the 

Outer  Side  op  tub  Leg  and  Foot 
(from  Sappey  after  Hirsohfeld  and 
Leveilie).  3 

1,  external  popliteal  nerve ;  2,  its 
external  cutaneous  branch  ;  3,  communi- 
cating branch  which  unites  with  4,  that 
from  the  internal  popliteal  in  5,  the  ex- 
ternal saphenous  nerve ;  6,  calcaneal 
branch  of  the  external  saphenous;  7, 
external  dorsal  digital  branch  to  the  fifth 
toe ;  8,  collateral  dorsal  digital  branch 
of  the  fourth  and  fifth  toes  ;  9,  musculo- 
cutaneous nerve  ;  10,  its  cutaneous 
branches  ;  11,  loop  of  union  with  the 
external  saphenous;  12,  union  between 
its  outer  and  inner  branches  ;  13,  an- 
terior tibial  nerve,  shown  by  the  removal 
of  a  part  of  the  muscles,  and  giving 
muscular  branches  superiorly  ;  14,  its 
terminal  branch  emerging  in  the  space 
between  the  first  and  second  toes,  where 
it  gives  the  collateral  dorsal  digital 
branches  to  their  adjacent  sides. 

Cutaneous  Nerves. — The  cuta- 
neous branches,  two  or  three  in 
number,  supply  the  skin  on  the 
back  part  and  outer  side  of  the 
leg. 

The  peroneal  communicating 
branch  (r.  communicans  fibularis), 
which  joins  the  short  saphenous 
nerve  below  the  middle  of  the 
back  of  the  leg,  is  the  largest  of 
these  nerves.  In  some  instances, 
it  continues  a  separate  branch  and 
its  cutaneous  filaments  reach  down 
to  the  heel  or  on  to  the  outside  of 
the  foot. 

Another  cutaneous  branch  extends  along  the  outer  side  of  the  leg  to  the 
middle  or  lower  part,  sending  offsets  both  backwards  and  forwards. 

MUSCUIO-OUTANEOUS  NERVE. 

The  muscialo-cutaneous  (peroneal)  nerve  descends  between  the  peronei 
muscles  and  the  long  extensor  of  the  toes,  and  reaches  the  surface  by  per- 
forating the  fascia  in  the  lower  part  of  the  leg  on  the  anterior  aspect.  It 
then  divides  into  two  branches,  distinguished  as  external  and  internal, 
which  proceed  to  the  toes.  The  two  branches  sometimes  perforate  the 
fascia  at  a  different  height. 
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(a)  Mmmlar  branches  are  given  to  the  peroneus  longus  and  peroneus  brevis. 

(b)  Cutaneous  branches  given  off  before  the  final  division  are  distributed  to  the  lower 
part  of  the  leg. 

(c)  The  internal  branch  of  the  musculo-cutaneous  nerve,  passing  forwards  along 
the  dorsum  of  the  foot,  furnishes  one  branch  to  the  inner  side  of  the  great  toe,  and 
others  to  the  contiguous  sides  of  the  second  and  third  toes.  It  gives  other  offsets, 
which  extend  over  the  inner  ankle  and  side  of  the  foot.  This  nerve  communicates 
with  the  long  saphenous  nerve  on  the  inner  side  of  the  foot,  and  with  the  anterior 
tibial  nerve  between  the  first  and  second  toes. 


Fig.  450. — View  op  the  DisTBiBniiON  op  thb 
Branches  of  the  External  Popliteal  Nerve  in 
THE  Front  op  the  Leg  and  Dorsum  op  the  Foot 


Fiff.  450. 


(from  Hirschfeld  and  Leveilld). 


The  upper  part  of  the  peroneus  longus  muscle  has 
been  removed,  the  tibialis  anticus,  the  long  extensor  of 
the  great  toe  and  the  peroneus  longus  have  been  drawn 
separate  in  the  leg  by  hooks  marked  a,  b,  and  c,  and 
the  tendons  of  the  extensor  muscles,  have  been  removed 
in  the  dorsum  of  the  foot,  to  show  the  deeper  seated 
nerves ;   1,  the  external  popliteal  or  peroneal  nerve 
winding  round  the  upper  part  of  the  fibula ;   1',  its 
recurrent  articular  branches  exposed  by  the  dissection 
of  the  upper  part  of  the  tibialis  anticus  muscle ;  2,  2, 
the  musculo-cutaneous  nerve  ;  2',  2',  twigs  to  the  long 
and  short  peroneal  muscles  ;  3,  internal  branch  of  the 
musculo-cutaneous  nerve ;  3',  3',    its  dorsal  digital 
branches  to  the  inside  of  the  great  toe,  and  to  the 
adjacent  sides  of  the  second  and  third  toes;  4,  the 
external  branch  ;  4',  4',  its  dorsal  digital  branches  to 
the  adjacent  sides  of  the  third  and  fourth  toes,  and  in 
part  to  the  space  between  the  fourth  and  fifth  toes  ; 
5,  the  external  saphenous  nerve  descending  on  the 
outer  border  of  the  foot,   and  uniting  at  two  places 
with  the  outer  branch  of  the  musculo-cutaneous  ;  6', 
its  branch  to  the  outer  side  of  the  fifth  toe ;  6,  placed 
on  the  upper  part  of  the  extensor  communis  digitorum, 
marks  the  anterior  tibial  nerve  passing  beneath  the 
muscles;  6,  placed  farther  down  on  the  tendon  of  the 
tibialis  anticus,  points  to  the  nerve  as  it  crosses  to 
the  inside  of  the  anterior  tibial  artery  ;  6',  its  muscular 
branches  in  the  leg  ;  6",  on  the  tendon  of  the  extensor 
longus  pollicis  points  to  the  anterior  tibial  nerve  after 
it  has  passed  into  the  foot  behind  that  tendon;  7, 
its  inner  branch  uniting  with  a  twig  of  the  musculo- 
cutaneous, and  giving  the  dorsal  digital  nerves  to  the 
adjacent  sides  of  the  first  and  second  toes ;  8,  distri- 
bution of  its  outer  branch  to  the  extensor  brevis  digi- 
torum and  tarsal  articulations. 

(d)  The  external  branch,  larger  than  the  internal 
one,  descends  over  the  foot  towards  the  fourth  toe, 
which,  together  with  the  contiguous  borders  of  the 
third  and  fifth  toes,  it  supplies  with  branches. 
Cutaneous  nerves,  derived  from  this  branch,  spread  over  the  outer  ankle  and  the 
outer  side  of  the  foot,  where  they  are  connected  with  the  short  saphenous  nerve. 

The  dorsal  digital  nerves  are  continued  on  to  the  last  phalanges  of  the  toes. 

The  number  of  toes  supplied  by  each  of  the  two  divisions  of  the  musculo-cuta- 
neous nerve  is  liable  to  vary  ;  together  these  nerves  commonly  supply  all  the  toes  on 
the  dorsal  aspect,  excepting  the  outer  side  of  the  little  toe,  which  receives  a  branch 
from  the  short  saphenous  nerve,  and  the  adjacent  sides  of  the  great  toe  and  the  second 
toe,  to  which  the  anterior  tibial  nerve  is  distributed  :  with  this  latter  branch,  how- 
ever, it  generally  communicates. 
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ANTERIOR  TIBIAL  NERVE. 

The  anterior  tibial  (interosseous  nerve),  commencing  between  the  fibula 
and  the  peroueus  lougus,  inclines  obliquely  beneath  the  long  extensor  of 
the  toes  to  the  fore  part  of  the  interosseous  membrane,  and  there  comes 
into  contact  with  the  anterior  tibial  vessels,  and  with  those  vessels  it 
descends  to  the  front  of  the  ankle  joint,  where  it  divides  into  an  external 
and  an  internal  branch.  The  nerve  first  reaches  the  outer  side  of  the 
anterior  tibial  artery,  above  the  middle  of  the  leg  ;  and,  after  crossing  in 
front  of  that  vessel  once  or  oftener,  lies  to  the  inner  side  of  it  at  the  bend 
of  the  ankle. 

(a)  Muscular  branches.— In  its  course  along  the  leg,  the  anterior  tibial  nerve 
gives  slender  filaments  to  the  muscles  between  which  it  is  placed,  namely,  the  tibialis 
anticus,  the  long  extensor  of  the  toes,  and  the  special  extensor  of  the  great  toe. 

(6)  The  external  branch  of  the  anterior  tibial  nerve,  turns  outwards  over  the  tarsus 
beneath  the  short  extensor  of  the  toes ;  and,  having  become  enlarged  (like  the  pos- 
terior interosseous  nerve  on  the  wrist)  terminates  in  branches  which  supply  the  short 
extensor  muscle,  and  likewise  the  articulations  of  the  foot. 

(c)  The  internal  branch,  continuing  onwards  in  the  direction  of  the  anterior  tibial 
nerve,  accompanies  the  dorsal  artery  of  the  foot  to  the  first  interosseous  space,  and 
ends  in  two  branches,  which  supply  the  integument  on  the  neighbouring  sides  of  the 
great  toe  and  the  second  toe  on  their  dorsal  aspect.  It  communicates  with  the  inter- 
nal division  of  the  musculo-cutaneous  nerve. 

Summary  of  the  external  pojMteal  nerve. — This  nerve  supplies,  besides 
articular  branches  to  the  knee,  ankle,  and  foot,  the  peronei  muscles,  extensor 
muscles  of  the  foot,  also  the  integument  of  the  front  of  the  leg  and  dorsum 
of  the  foot.  It  gives  the  ramus  communicans  fibularis  to  the  short 
saphenous  branch  of  the  internal  popliteal  nerve,  and  communicates  with 
the  long  saphenous  nerve. 

SYNOPSIS  OF  THE  CUTANEOUS  DISTRIBUTION  OF  THE 
CEREBRO-SPINAL  NERVES. 

Head. — The /ace  and  head  in  front  of  the  ear  are  supplied  with  .sensory 
nerves  from  the  fifth  cranial  nerve.  The  ophthalmic  division  supplies 
branches  to  the  forehead,  upper  eyelid,  and  dorsum  of  the  nose.  The 
superior  maxillary  division  supplies  the  cheek,  ala  of  the  nose,  upper  lip, 
lower  eyelid,  and  the  region  behind  the  eye,  over  the  temporal  fascia.  The 
inferior  maxillary  division  supplies  the  chin  and  lower  lip,  the  pinna  of  the 
ear  on  its  outer  side,  and  the  integument  in  front  of  the  ear  and  upwards  to 
the  vertex  of  the  head. 

The  head,  behind  the  ea/r,  is  mainly  supplied  by  the  great  occipital  branch 
of  the  posterior  division  of  the  second  spinal  nerve,  but  above  the  occipital 
protuberance  there  is  also  distributed  the  branch  from  the  posterior  division  of 
the  third  spinal  nerve;  and,  in  front  of  the  area  of  the  great  occipital  nerve,  is 
a  space  supplied  by  anterior  divisions  of  spinal  nerves,  viz.,  the  back  of  the 
pinna  of  the  ear,  together  with  the  integument  behind  and  that  in  front  over 
the  parotid  gland,  which  are  supplied  by  the  great  auricular  nerve  ;  while 
between  the  area  of  that  nerve  and  the  great  occipital  the  small  occipital 
nerve  intervenes.  The  auricular  branch  of  the  pneumo-gastric  nerve  also 
is  distributed  on  the  back  of  the  ear. 

Trdnk. — The  posterior  divisions  of  the  spinal  nerves  supply  an  area, 
extending  on  the  back  from  the  vertex  of  the  skuU  to  the  buttock.  This 
area  is  narrow  in  the  neck  ;  it  is  spread  out  over  the  back  of  the  scapula ; 
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and  on  the  buttock  the  distribution  of  the  lumbar  nerves  extends  to  the 
trochanters. 

The  area  supplied  by  the  cervical  plexus,  besides  extending  upwards,  as 
already  mentioned,  on  the  lateral  part  of  the  skull,  stretches  over  the 
front  and  sides  of  the  neck,  and  the  upper  part  of  the  shoulder  and  breast. 

The  area  of  the  anterior  divisioiis  of  the  dorsal  and  first  lumbar  nerves  meets 
superiorly  with  that  of  the  cervical  plexus,  and  posteriorly  with  that  of  the 
posterior  divisions  of  dorsal  and  lumbar  nerves.  It  passes  down  over  the 
haunch  and  along  by  the  outer  part  of  Poupart's  ligament,  and  includes 
part  of  the  scrotum  and  a  small  portion  of  the  integument  of  the  thigh 
interaal  to  the  saphenous  opening. 

The  perinoeum  and  peiiis  are  supplied  by  the  pudic  nerve  ;  the  scrotum  by 
branches  of  the  pudic,  inferior  pudendal,  and  ilio-inguinal  nerves. 

Upper  Limb. — The  shoulder,  supplied  superiorly  by  the  cervical  plexus, 
receives  its  cutaneous  nerves  inferiorly  as  far  as  the  insertion  of  the  deltoid 
from  the  circumflex  nerve. 

The  arm  internally  is  supplied  by  the  intercosto-humeral  nerve  and  the 
nerve  of  Wrisberg.  The  inner  and  anterior  part  is  supplied  by  the  internal 
cutaneous  nerve  ;  and  the  posterior  and  outer  part  by  the  internal  and 
external  branches  of  the  mizsculo-spiral  nerve. 

The  foreai-m,  anteriorly  and  on  the  oiiter  side,  is  supplied  by  the 
external  cutaneous  ;  on  its  outer  and  posterior  aspect,  superiorly  by  the 
external  cutaneous  branches  of  the  musculo-spiral,  and  inferiorly  by  the 
radial  branch  of  the  same  nerve.  On  the  inner  side,  both  in  front  and 
behrad,  is  the  internal  cutaneous  nerve,  and  inferiorly  are  branches  of  the 
ulnar. 

On  the  back  of  the  hand  are  the  radial  and  ulnar  nerves,  the  radial 
supplying  about  three  fingers  and  a  half  or  less,  and  the  ulnar  one  and  a 
half  or  more. 

On  the  front  of  the  hand,  the  median  nerve  supplies  three  fingers  and  a 
half,  and  the  ulnar  one  and  a  half.  In  the  palm  is  a  branch  of  the  median 
given  olf  above  the  wrist.  On  the  ball  of  the  thumb  are  brandies  of  the 
musculo-cutaneous,  median,  and  radial  nerves. 

Lower  Limb. — The  buttock  is  supplied  from  above  by  the  cutaneous 
branches  of  the  posterior  divisions  of  the  lumbar  nerves  with  the  iho-hypo- 
gastric  and  lateral  branches  of  the  last  dorsal  nerves  ;  internally  by  the 
posterior  divisions  of  the  sacral  nerves  ;  externally  by  the  posterior  branch 
of  the  external  cutaneous  nerve  proceeding  from  the  front  ;  and  inferiorly 
by  branches  of  the  small  sciatic  nerve  proceeding  from  below. 

The  thiyh  is  supplied  externally  by  the  external  cutaneous  nerve  ; 
posteriorly,  and  in  the  upper  half  of  its  inner  aspect,  by  the  small  sciatic  ; 
anteriorly,  and  in  the  lower  half  of  the  inner  aspect,  by  the  middle  and 
internal  cutaneous. 

The  leg  is  supplied  posteriorly  by  the  small  sciatic  and  short  saphenous 
nerves  ;  internally  by  the  long  saphenous  and  branches  of  the  internal 
cutaneous  of  the  thigh  ;  and  outside  and  in  front  by  cutaneous  branches  of 
the  external  poijliteal  nerve,  and  by  its  musculo-cutaneous  branch. 

On  the  dorsum  of  the  foot  are  the  branches  of  the  musculo-cutaneous, 
supplying  all  the  toes  with  the  exception  of  the  adjacent  sides  of  the  first 
and  second,  which  are  supplied  by  the  anterior  tibial,  and  the  outer  side  of 
the  little  toe,  which,  with  the  outer  side  of  the  foot,  is  supplied  by  the  short 
saphenous  nerve.  The  long  saphenous  is  the  cutaneous  nerve  on  the  inner 
side  of  the  foot, 
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The  sole  of  the  foot  ia  supplied  by  the  plantar  nerves.  The  internal 
plantar-  nerve  gives  branches  to  three  toes  and  a  half  ;  the  external  to  the 
remaining  one  toe  and  a  half. 

SYNOPSIS  OF  THE  MUSCULAR  DISTRIBUTION  OF  THE 
CEREBRO  SPINAL  NERVES. 

MUSCLES  OF  THK  HEAD  AND  FORE  PART  OF  THE  NECK. 

The  muscles  of  the  orbit  are  mostly  supplied  by  the  third  cranial  nerve — 
the  superior  division  of  that  nerve  being  distributed  to  the  levator  palpebrse 
and  the  superior  rectus  muscles  ;  and  the  inferior  division  to  the  inferior  and 
internal  recti  and  the  inferior  oblique.  The  superior  oblique  muscle  is  supplied 
by  the  fourth  nerve,  the  external  rectus  by  the  sixth  ;  while  the  tensor 
tarsi  has  no  special  nerve  apart  from  those  of  the  orbicularis  palpebrarum, 
which  are  derived  from  the  facial. 

The  superficial  muscles  of  the  face  and  scalp,  which  are  associated  in  their 
action  as  a  group  of  muscles  of  expression,  are  supplied  by  the  portio  dura 
of  the  seventh  cranial  nerve ;  the  retrahens  auriculam  and  occipitalis 
muscles  being  supplied  by  the  posterior  auricular  branch. 

The  deep  muscles  of  the  face,  employed  in  mastication,  viz. ,  the  temporal, 
masseter,  buccinator  and  two  pterygoid  muscles,  are  supplied  by  the  inferior 
maxillary  division  of  the  fifth  cranial  nerve. 

Muscles  above  the  hyoid  bone. — The  mylo-hyoid  muscle  and  anterior  belly 
of  the  digastric  are  supplied  by  a  special  branch  of  the  inferior  maxillary 
division  of  the  fifth  cranial  nerve  ;  the  posterior  belly  of  the  digastric 
muscle,  and  the  stylo-hyoid,  are  supplied  by  branches  of  the  portio  dura.  The 
genio-hyoid  and  the  muscles  of  the  tongue  receive  their  nervous  supply 
from  the  hypoglossal  nerve. 

The  muscles  ascending  to  the  hyoid  bo7ie  and  larynx,  viz. ,  the  stemo-hyoid, 
omo-hyoid,  and  sterno-thyroid,  are  supplied  from  the  ramus  descendens  noni 
and  its  loop  with  the  cervical  plexus,  while  the  thyro-hyoid  muscle  receives 
a  separate  twig  from  the  ninth  nerve. 

The  larynx,  pharynx,  and  soft  palate. — The  crico-thyroid  muscle  is  sup- 
plied by  the  external  laryngeal  branch  of  the  pneumo-gastric  nerve,  and  the 
other  intrinsic  muscles  of  the  larynx  by  the  recurrent  laryngeal.  The 
muscles  of  the  pharynx  are  supplied  principally  by  the  pharyngeal  branch  of 
the  pneumo-gastric  ;  the  stylo- pharyngeus,  however,  is  supplied  by  the 
glosso-pharyngeal  nerve.  Of  the  muscles  of  the  soft  palate  unconnected 
with  the  tongue  or  pharynx,  the  tensor  palati  receives  its  nerve  from  the  otic 
ganglion  (which  also  supplies  the  tensor  tympani)  ;  the  levator  palati  gets  a 
twig  (Meckel)  from  the  posterior  palatine  branch  of  the  spheno-palatine 
ganglion,  and  the  azygos  uvulae  is  probably  supplied  from  the  same  source. 

MUSCLES  BELONGING  EXCLUSIVELY  TO  THE  TRUNK,  AND  MUSCLES 
ASCENDING  TO  THE  SKULL. 

All  those  muscles  of  the  back  which  are  unconnected  with  the  upper  Hmb, 
viz.,  the  posterior  serrati,  the  splenius,  complexus,  erector  spinse,  and  the 
muscles  more  deeply  placed,  receive  their  supply  from  the  posterior  divisions 
of  the  spinal  nerves. 

The  sterno-mastoid  is  supplied  by  the  spinal  accessory  nerve  and  a  twig 
of  the  cervical  plexus  coming  from  the  seconc^  cervical  nerve. 
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The  rectus  capitis  anticus  major  and  minor  are  supplied  by  twigs  from  the 
upper  cervical  nerves  ;  the  lonrjus  colU  and  scaleni  muscles  by  twigs  from 
the  lower  cervical  nerves, 

Tlie  muscles  of  the  chest,  viz.,  the  intercostals,  subcostals,  levatores  cos- 
tarum,  and  triangularis  sterni,  are  supplied  by  the  intercostal  nerves. 

The  obliqid,  transversus,  and  rectus  of  the  abdomen  are  supplied  by  the 
lower  intercostal  nerves  ;  and  the  oblique  and  transverse  muscles  also  get 
branches  from  the  ilio-inguinal  and  ilio-hypogastric  nerves.  The  cremaster 
muscle  is  supplied  by  the  genital  branch  of  the  genito-crural  nerve. 

The  quadratus  lumhorum  (hke  the  psoas)  receives  small  branches  from 
the  lumbar  nerves  before  they  form  the  plexus. 

The  diaphragm  receives  the  phrenic  nerves  from  the  fourth  and  fifth  cer- 
vical nerves,  and  likewise  sympathetic  filaments  from  the  plexuses  round  the 
phrenic  arteries. 

The  muscles  of  the  rirethra  and  penis  are  supplied  by  the  pudic  nerve  ; 
the  levator  and  spihincter  ani  by  the  pudic  and  by  the  fourth  and  fifth 
sacral  and  the  coccygeal  nerves ;  and  the  coccygeus  muscle  by  the  three  last 
named  nerves. 

MUSCLES  ATTACHING   THE   UPPER  LIMB  TO   THE  TRUNK. 

The  trapezius  and  the  sterno-cleido-mastoid  receive  the  distribution  of  the 
spinal  accessory  nerve,  and,  in  union  with  it,  filaments  from  the  cervical 
plexus. 

The  latissimus  dorsi  receives  the  long  subscapular  nerve. 

The  rhomboidei  are  supplied  by  a  special  branch  from  the  anterior 
division  of  the  fifth  cervical  nerve. 

The  levator  anguli  scapulce  is  supplied  by  branches  from  the  anterior 
division  of  the  third  cervical  nerve,  and  sometimes  partly  also  by  the  branch 
to  the  rhomboid  muscles. 

The  serratus  magnus  has  a  special  nerve,  the  posterior  thoracic,  derived 
from  the  fifth  and  sixth  cervical  nerves. 

The  subclavius  receives  a  special  branch  from  the  place  of  union  of  the 
fifth  and  sixth  cervical  nerves. 

The  pectorales  are  supplied  by  the  anterior  thoracic  branches  of  the 
brachial  plexus,  the  larger  muscle  receiving  filaments  from  both  these 
nerves,  and  the  smaller  from  the  inner  only. 

MUSCLES  OF  THE  UPPER  LIMB. 

Muscles  of  the  shoulder. — The  supraspinatus  and  infraspinatus  are  sup- 
plied by  the  supra  scapular  nerve  ;  the  subscapularis  by  the  two  smaller 
subscapular  nerves ;  the  teres  major  by  the  second  subscapular,  and  the 
deltoid  and  teres  minor  by  the  circumflex  nerve. 

Posterior  muscles  of  the  arm  and  forearm. — The  triceps,  anconeus,  supi- 
nator longus,  and  extensor  carpi  radialis  longior  are  supplied  by  direct  branches 
of  the  musculo-spiral  nerve  ;  while  the  extensor  carpi  radialis  brevior  and  the 
other  extensor  muscles  in  the  forearm  receive  their  branches  from  the  pos- 
terior interosseous  division  of  that  nerve. 

Anterior  muscles  of  the  arm  and  forearm. — The  coraco-brachialis,  biceps, 
and  brachialis  anticus  are  supplied  by  the  musculo- cutaneous  nerve  :  the 
brachialis  anticus  likewise  generally  receives  a  twig  from  the  musculo- 
spiral  nerve.  The  muscles  in  front  of  the  forearm  are  supplied  by  the 
median  nerve,  with  the  exception  of  tlio  flexor  carpi  ulnaris  and  the 
ulnar  half  of  the  flexor  profundus  digitorum,  which  are  supplied  by  the 
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ulnar  nerve,  and  the  supinator  longus,  which  is  supplied  by  the  musculo- 
spiral. 

Muscles  of  the  hand. — The  abductor  and  opponena  pollicia,  the  outer  half 
of  the  flexor  brevis  poUicis,  and  the  two  outer  lumbricales  muscles,  are 
supplied  by  the  median  nerve  ;  all  the  other  muscles  receive  their  nerves 
from  the  ulnar. 

MUSCLES  01?  THE  LOWER  LIMB. 

Posterior  muscles  of  the  hyp  and  thigh. — The  gluteus  maximus  is  mainly 
supplied  by  the  small  sciatic  nerve,  and  receives  at  its  upper  part  a  separate 
branch  from  the  sacral  plexus.  The  gluteus  medius  and  minimus,  together 
with  the  tensor  vaginie  femoris,  are  supplied  by  the  gluteal  nerve.  The  pyri- 
formis,  gemelli,  obturator  internus,  and  quadratus  femoris  receive  special 
branches  from  the  sacral  plexus.  The  hamstring  muscles  are  supplied  by 
branches  from  the  great  sciatic  nerve. 

Anterior  and  internal  muscles  of  the  thigh. — The  psoas  muscle  is  supplied 
by  separate  twigs  from  the  lumbar  nerves.  The  iliacus,  quadriceps  extensor 
femoris,  and  sartorius  are  supplied  by  the  anterior  crural  nerve.  The 
adductor  muscles,  the  obturator  externus  and  the  pectineus,  are  supplied 
by  the  obturator  nerve,  but  the  adductor  magnus  likewise  receives  a  branch 
from  the  great  sciatic,  and  the  pectiaeus  sometimes  has  a  branch  from  the 
anterior  crural. 

Anterior  muscles  of  the  leg  and  foot. — The  muscles  in  front  of  the  leg, 
together  with  the  extensor  brevis  digitorum,  are  supplied  by  the  anterior 
tibial  nerve. 

The  peroneus  longus  and  brevis  are  supplied  by  the  musculo-cutaneous 
nerve. 

Posterior  muscles  of  the  leg. — The  gastrocnemius,  plantaris,  sole  us,  and 
popliteus  are  supplied  by  branches  from  the  internal  popliteal  nerve  ;  the 
deep  muscles,  viz.,  the  flexor  longus  digitorum,  flexor  longus  poUicis,  and 
tibialis  posticus,  derive  their  nerves  from  the  posterior  tibial. 

Plantar  muscles. — The  flexor  brevis  digitorum,  the  abductor  and  flexor 
brevis  pollicis,  and  the  two  imier  lumbricales,  are  supplied  by  the  internal 
plantar  nerve  ;  all  the  others,  including  the  flexor  accessorius  and  interossei, 
are  supplied  by  the  external  plantar  nerve. 

III.  SYMPATHETIC  NERVES. 

The  nerves  of  the  sympathetic  system  (uervus  intercostalis  ;  nerves  of 
organic  life — Bichat)  are  distributed  in  general  to  all  the  internaTviscefa^ 
but  some  organs  receive  their  nerves  also  from  the  cerebro- spinal  system, 
as  the  lungs,  the  heart,  and  the  upper  and  lower  parts  of  the  alimentary 

'  canal.  It  appears  from  physiological  researches  to  be  also  the  special 
province _of_tha,  sympathetic  system  to  supply  nerves  to  the  coats  of  the 

■  blood-vessels. 

This  division  of  the  nervous  system  consists  of  a  somewhat  complicated 
collection  of  ganglia,  cords  and  plexuses,  the  parts  of  which  may,  for  con- 
venience, be  classified  in  three  groups,  viz.,  the  principal  gangliated  cords, 
the  great  prevertebral  plexuses  with  the  nerves  proceeding  from  them,  and 
the  ganglia  of  union  with  cranial  nerves. 

The  gangliated  cords  consist  of  two  series,  in  each  of  which  the  ganglia  are 
connected  by  intervening  cords.    These  cords  are  placed  symmetrically  in 
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front  of  the  vertebral  column,  and  extend 
I  from  the  base  of  the  skull  to  the  coccyx. 
I  Superiorly  they  are  connected  with  plex- 
uses which  enter  the  crauial  cavity,  while 
I    inferiorly  they  convefge"oh  the  sacrum, 
and  terminate  in  a  single  ganglion  on  the 
coccyx.    The  several  portions  of  the  cords 
are  distinguished  ^iS-jCtacvicjil,  dorsal,  lum- 
bar, and  sacral,  and  in  each  of  these  parts 
the  ganglia  are  equal  in  number,  or  nearly 
so,  to  the  vertebrse  on  which  they  lie, 
except  in  the  neck,  where  there  are  only 
tKfe^ 

Fig.  451. — DlAQRAMMATIC  OdTLINE  OF  THE  SyM- 

pATUETio  Cord  op  one  side  in  connection 
WITH  THE  Spinal  Nerves. 
Tlie  full  descriptioii  of  tbis  figure  will  be  found 
at  p.  629. 

On  the  right  side  the  following  letters  in- 
dicate piirts  of  the  sympathetic  nerves  ;  viz., 
a,  the  superior  cervical  ganglion,  communi- 
cating with  the  upper  cervical  spinal  nerves 
'  and  continued  below  into  the  great  sympathetic 
cord  ;  h,  the  middle  cervical  ganglion  ;  c,  d,  the 
lower  cervical  ganglion  united  with  the  first 
dorsal ;  d',  the  eleventh  dorsal  ganglion  ;  from 
the  fifth  to  the  ninth  dorsal  ganglia  the  origins 
of  the  great  splanchnic  nerve  are  shown  ;  I,  the 
lowest  dorsal  or  upper  lumbar  ganglion ;  ss,  the 
upper  sacral  ganglion.  _^In  the  whole  extent , of  the 
sympathetic  cord,  the  twigs  "HTEuSialwith  the 
spinal  neives  are  shown. 

Connection  of  the  gangliated  cords  with 
the  cerebrospinal  system. — The  ganglia  are 
severally  connected  with  the  spinal  nerves 
in  their  neighbourhood  by  means  of  short 
cords  ; .  each  connecting  cord  consisting^  of 
a  white"and  a  grey  portion,  the  former 
of  which  may  be  considered  as  proceeding 
from  the  spinal  nerve  to  fhe^anglion, 
the  latter  from  the  ganglion  to  the  spinal 
nerve.  At  its  upper  end  the  gangliated 
cord  communicates  likewise  with  _c«iiain 
cranial  nerves.  The  main  cords  interven- 
ing between  the  ganglia,  like  the  smaller 
ones  connecting  the  ganglia  with  the  spinal 
nerves,  are  composed  of  a  grey  and  white 
part,  the  white  being~c6ntinuou3  with  the 
fibres  of  the  spinal  nerves  prolonged  to  the 
ganglia. 

The  great  prevertebral  plexuses  comprise 
three  large  aggregations  of  nerves,  or 
nerves  and  ganglia  situated  in  front  of 
the  spine,  and  occupying  respectively  the 
thorax,  the  abdomen,  and  the  pelvis. 
They  are  single  and  median,   and  are 


Fig.  451. 


IX 


ci 


Br 


>11 


a  12 


688 


THE  SYMPATHETIC  NERVES. 


named  respectively  the  cardiac,  the  solar,  and  the  hypogastric  plexus 
These  plexuses  receive  branches  from  both  the  gangliated  cords  above 
noticed,  and  they  constitute  centres  from  which  the  viscera  are  supplied 
with  nerves. 

^  The  cranial  ganglia  of  the  sympathetic  are  the  ophthalmic,  spheno-pala- 
tme,  submaxillary,  and  otic,  which,  being  intimately  united  with  the  fifth 
cranial  nerve,  have  akeady  been  described  along  with  that  nerve.  They 
are  also  more  or  less  directly  connected  with  the  upper  end  of  the  sympa- 
thetic gangliated  cords  ;  but  it  will  be  unnecessary  to  give  any  special 
description  of  them  ia  this  place. 


A.  THE  GANGLIATED  CORDS. 
THE  CERVICAL  PART. 

In  the  neck,  each  gangliated  cord  is  deeply  placed  behind  the  sheath  of 
the  great  cervical  blood-vessels,  and  in  contact  with  the  muscles  which 
"immediately  cover  the  fore  part  of  the  vertebral  column.     It  comprises 
■three  ganglia,  the  first  of  which  is  placed  near  the  base  of  the  skull,  the 
second  in  the  lower  part  ofjhe  neck,  and  the  third  immediately  above  the 
head  of  the  first  iiK 


THE  UPPER  CERVICAL  GANGLION. 

This  is  the  largest  ganglion  of  the  great  sympathetic  cord.  It  is  contiaued 
superiorly  into  an  ascending  branch,  and  tapers  below  into  the  connecting 
cord,  so  as  to  present  usually  a  fusiform  shape  ;  but  there  is  considerable 
variety  in  this  respect  in  different  cases,  the  ganglion  being  occasionally 
broader  than  usual,  and  sometimes  constricted  at  intervals.  It  has  the 
reddish-grey  colour  characteristic  of  the  ganglia  of  the  sympathetic  system. 
It  is  placed  on  the  larger  rectus  muscle,  opposite  the  second  and  third 
cervical  vertebrae,  and  behind  the  internal  carotid  artery. 

Connection  with  spinal  nerves. — At  its  outer  side  the  superior  cervical 
ganglion  is  connected  with  the  first  four  spinal  nerves,  by  means  of  slender 
cords,  which  have  the  structure  pointed  out  in  the  general  description  as 
being  commou  to  the  series. 

The  circumstance  of  this  ganglion  being  connected  with  so  many  as  four  spinal 
nerves,  together  with  its  occasionally  constricted  appearance,  is  favourable  to  the 
view  that  it  may  be  regarded  as  consisting  of  several  ganglia  which  have  coalesced. 

Connection  with  cranial  nerves. — Small  twigs  connect  the  ganglion  or 
its  cranial  cord  with  the  second  gangHon  of  the  pneumo-gastric,  and  with 
the  ninth  cranial  nerve,  near  the  base  of  the  skull  ;  and  another  branch, 
which  is  directed  upwards  from  the  ganglion,  divides  at  the  base  of  the 
skull  into  two  filaments,  one  of  which  ends  in  the  second  (petrosal)  ganglion 
of  the  glosso-pharyngeal  nerve  ;  while  the  other,  entering  the  jugular 
foramen,  joins  the  ganglion  of  the  root  of  the  pneumo-gastric. 

Besides  T.he^  brancbes  comiectiQg  it  with  cranial  and  spinal  nerves,  the 
first  cervical  ganglion  gives  off  also  the  ascending  branch,  the  upper  cardiac 
jierye,  pharyngeal  nerves,  and  branches  to  blood-vessels. 

1.   ASCENDING  BRANCH  AND  CRANIAL  PLEXUSES. 

The  ascendinfy  branch  of  the  first  cervical  ganglion  is  soft  in  texture  and  of 
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a  reddish  tint,  seeming  to  be  in  some  degree  a  prolongation  of  the  ganglion 
itself.  In  its  course  to  the  skull,  it  is  concealed  by  the  internal  carotid 
artery,  mth  which  it  enters  the  carotid  canal  in  the  temporal  bone,  and  it  is 
then  divided  into  two  parts,  which  are  placed  one  on  the  outer,  the  other  on 
the  inner  side  of  the  vessel. 

Fig.  452. 


1 


Fig.  452. — CoNNEOiioNS  op  the  Szmpathetio  Nerve  throttgh  its  Carotid  Bkanoh 

WITH  SOME  OP  THE  CrANIAL  NeRVES. 

-  The  full  description  of  tHs  figure  will  be  found  at  p.  602.  The  following  numbers 
refer  to  sympathetic  nerves  and  their  connections: — 6,  spheao-palatine  gauglion ;  7, 
Vidian  nerve  ;  9,  its  carotid  branch  ;  10,  a  part  of  the  sixth  nerve,  receiving  twigs  from 
the  carotid  plexus  of  the  sympathetic  ;  11,  superior  cervical  sympathetic  ganglion  ;  12, 
its  prolongation  in  the  carotid  branch  ;  15,  anastomosing  nerve  of  Jacobson  ;  16,  twig 
uniting  it  to  the  sympathetic. 

The  external  division  distributes  filaments  to  the  internal  carotid  artery, 
and,  after  communicating  by  means  of  other  filaments  with  the  internal 
division  of  the  cord,  forms  the  carotid  plexus. 

The  inner  division,  rather  the  smaller  of  the  two,  supplies  filaments  to 
the  carotid  artery,  and  goes  to  form  the  cavernous  plexus.  The  terminal 
parts  of  these  divisions  of  the  cranial  cord  are  prolonged  on  the  trunk  of  the 
internal  carotid,  and  extend  to  the  cerebral  and  ophthalmic  arteries,  around 
which  they  form  secondary  plexuses,  those  on  the  cerebral  artery  ascending 
to  the  pia  mater.  One  minute  plexus  enters  the  eye-ball  with  the  central 
artery  of  the  retina. 

It  was  stated  by  Eibes  (Mem.  de  la  Soci§t6  Med.  d 'Emulation,  torn.  viii.  p.  606,)  that 
the  cranial  prolongations  of  the  sympathetic  lierve  from  the  two  sides  coalesce  with 
one  another  on  the  anterior  communicating  artery, — a  small  ganglion  or  a  plexus 
being  formed  at  the  point  of  junction;  but  this  connection  has  not  been  satis- 
factorily made  out  by  other  observers. 

Cakotid  Plexus. — The  carotid  plexus,  situated  on  the  outer  side  of  the 
internal  carotid  artery  at  its  second  bend  (reckoning  from  below),  or  between 
the  second  and  third  bends,  joins  the  fifth  and  sixth  cranial  nerves,  and 
gives  many  filaments  to  the  vessel  on  which  it  lies. 

Branches.— {a)  The  connection  with  the  sixth  nerve  is  established  by  means  of  one 
or  two  filaments  of  considerable  size,  which  are  supplied  to  that  nerve  where  it  lies 
by  the  side  of  the  internal  carotid  artery. 
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(b)  The  filaments  connected  with  the  Qasmrian  ciMinhm,  nf  tha  fifti. 
ceed  Bometixnes  from  the  carotid  plexus,  at  othrf^oriX^'":.:  n  u 

(c)  Ihc  deep  branch  of  the  Vidian  nerve  passes  backwards  to  iZ  r..r.fA  i 
and  after  leaving  the  Vidian  canal,  lies  in  tLTrtlfa^tl'^^sltc:  S 

^^^^^^^^ —  -  f-ished^^tt:: 

Cavernous  Plexus.— The  cavernous  plexus,  named  from  its  position  in 
the  smus  of  the  same  name,  is  placed  below  and  rather  to  the  inner  side  of 
the  highest  turn  of  the  internal  carotid  artery.  Besides  giving  branches  on 
the  artery,  it  communicates  with  the  third,  the  fourth  and  the  ophthalmic 
of  the  fifth  cranial  nerves. 

BrancJi€s.~{a)  The  filament  which  joins  the  tMrd  nerve  comes  into  connection 
with  it  close  to  the  point  of  division  of  that  nerve. 

(6)  The  branch  to  the  Jourih  nerve,  which  may  be  derived  from  either  the  caver- 
nous or  the  cai-otid  plexus,  joins  the  nerve  where  it  lies  in  the  wall  of  the  cavernous 


smus. 


(c)  The  filaments  connected  with  the  ophthalmic  trunk  of  the //i/i  nerve  are  supplied 
to  its  inner  surface.  One  of  them  is  continued  forwards  to  the  lenticular  ganglion 
either  in  connection  with  or  distinct  from  the  nasal  nerve.  ' 


2.   PHARYNGEAL  NERVES  AND  PLEXUS. 

These  nerves  arise  from  the  inner  part  of  the  ganglion,  and  are  directed 

C obliquely  inwards  to  the  side  of  the  pharynx.  Opposite  the  middle  con- 
strictor muscle  theynnite  with  branches  of  the  pneumo-gastric  and  glosso- 
pharyngeal nerves  ;  and  by  their  union  with  those  nerves  the  'pharyngeal 
plexus  is  formed.  Branches  emanating  from  the  plexus  are  distributed 
to  the  muscles  and  mucous  membrane  of  the  pharynx. 


3.   UPPER  CARDIAC  NERVE. 

Each  of  the  cervical  ganglia  of  the  sympathetic  furnishes  a  cardiac  branch, 
the  three  being  named  respectively  the  upper,  middle  and  lower  cardiac 
nerves.  "        " ^ 

These  branches  are  continued  singly,  or  in  connection,  to  the  large 
prevertebral  centre  (cardiac  plexus)  of  the  thorax.  Their  size  varies  con- 
siderably, and  where  one  branch  is  smaller  than  common,  another  will  be 
found  to  be  increased  in  size,  as  if  to  compensate  for  the  defect.  There 
are  some  differences  in  the  disposition  of  the  nerves  of  the  right  and  left 
sides. 

The  upper  cardiac  nerve  (n.  cardiacus  sujjerficialis)  of  the  right  side 
proceeds  from  two  or  more  branches  of  the  ganglion,  with,  in  some 
instances,  an  offset  from  the  cord  connecting  the  first  two  ganglia.  In  its 
course  down  the  neck  the  nerve  lies  behind  the  carotid  sheath,  in  contact  with 
the  longus  colli  muscle  ;  and  it  is  placed  in  front  of  the  lower  thyroid  artery 
and  the  recurrent  laryngeal  nerve.  Entering  the  thorax,  it  passes  in  some 
cases  before,  in  others  behind  the  subclavian  artery,  and  is  directed  along  the 
innominate  artery  to  the  back  part  of  the  arch  of  the  aorta,  where  it  ends  in 
the  deep  cardiac  plexus,  a  few  small  filaments  continuiog  also  to  the  front 
of  the  great  vessel.  Some  branches  distributed  to  the  thyroid  body 
accompany  the  inferior  thyroid  artery. 

In  its  course  downwards  the  cardiac  nerve  is  repeatedly  connected  with  other 
branches  of  the  sympathetic,  and  with  the  pneumo-gastric  nei-ve.  Thus,  about  the 
middle  of  the  neck  it  is  joined  by  some  filaments  from  the  external  laryngeal 
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nerve;  and.  rather  lower  down,  by  one  o^-°- fi'rrtiS"vui\i"tc;Irent 
pneumo-gastric  neiTej  lastly,  on  entering  the  chest,  it  joins  .Mth  the  recurrent 

laryngeal. 

Fig.  453. 


Fig.   453. — CONNEOTIOHS  OF  TUE  GeKVIOAL  and  UpI'EK  DoilSAL  SYMPATHliTIO  GaNQLIA 

AND  Nerves  on  the  Lbfi  Side. 

The  full  description  of  this  figure  will  be  found  at  p.  620.  The  following  numbers 
refer  to  the  sympathetic  ganglia  and  nerves,  and  those  immediately  connected  with 
them: — 3,  pharyngeal  plexus;  8,  laryngeal  plexus;  13,  pulmonary  plexus;  and  to 
the  reader's  left,  above  the  pulmonary  artery,  a  part  of  the  cardiac  plexus  ;  24,  superior 
cervical  ganglion  of  the  sympathetic  ;  25,  middle  cervical  ganglion  ;  26,  inferior  cervical 
ganglion  united  with  the  first  dorsal  ganglion  ;  27,  28,  29,  30,  second,  third,  fourth,  and 
fifth  dorsal  ganglia. 

Variety. — Instead  of  passing  to  the  thorax  in  the  manner  described,  the  superior 
cardiac  nerve  may  join  the  cardiac  branch  furnished  from  one  of  the  other  cer- 
vical ganglia.  Scarpa  describes  this  as  the  common  disposition  of  the  nerve  ; 
but  Cruveilhier  (Anat.  Descript.,  t.  iv.)  states  that  he  has  not  in  any  case 
found  the  cardiac  nerves  to  correspond  exactly  with  the  figures  of  the  "Tabuloo 
Neurologicse." 
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The  superficial  cardiac  nerve  of  the  left  side  has,  whUe  in  the  neck  the 
same  courae  and  connections  as  that  of  the  right  ride.  But  within  the 
chest  It  follows  tho  left  carotid  artery  to  the  arch  of  the  aorta,  and  ends  in 
some  instances  in  the  superficial  cardiac  plexus,  while  in  others  it  joins  the 
deep  plexus  ;  and  accordingly  it  passes  either  in  front  of  or  behind  the  arch 
of  the  aorta. 


4.    BRANCHES  TO  BLOOD-VESSELS. 

The  nerves  which  ramify  on  the  arteries  (nervi  molles)  spring  from  the 
front  of  the  ganglion,  and  twine  round  the  trunk  of  the  carotid  artery. 
They  are  prolonged  on  each  branch  of  the  external  carotid,  and  form 
slender  plexuses  upon  them. 

Communications  with  other  nerves.— From  the  plexus  on  the  facial  artery  is  derived 
the  filament  which  joins  the  submaxillary  ganglion ;  and,  from  that  on  the  middle 
meningeal  artery,  twigs  have  been  described  as  extending  to  the  otic  ganglion,  as 
well  as  to  the  gangliform  enlargement  of  the  facial  nerve.  Lastly,  a  communication 
is  established  between  the  plexus  on  the  carotid  artery  and  the  digastric  branch  of 
the  facial  nerve. 

Small  ganglia  are  occasionally  found  on  some  of  the  vascular  plexuses, 
close  to  the  origin  of  the  vessels  with  which  they  are  associated.  Thus 
lingual,  temporal,  and  pharyngeal  ganglia  have  been  described  ;  and  besides 
these  there  is  a  larger  body,  the  ganglion  intercaroticum,  placed  on  the 
inner  side  of  the  angle  of  division  of  the  common  carotid  artery.  This  body, 
long  known  to  anatomists  as  a  ganglion,  has  been  stated  by  Luschka  to 
have  a  structure  very  different  from  the  nervous  ganglia  in  general,  and  has 
been  named  by  him  the  "  glandula  intercarotica." 

The  ganglion  intercaroticum  was  described  by  Luschka  as  presenting  principally 
a  follicular  stnicture,  and  regarded  by  him  as  being  of  a  nature  similar  to  the  glan- 
dula coccygea,  which  he  had  previously  discovered.  It  appears,  however,  from  the 
researches  of  Julius  Arnold,  that  the  follicular  appearances  observed  by  Luschka,  both 
in  this  instance  and  in  the  coccygeal  gland,  were  produced  by  arterial  glomeruli  seen 
in  section ;  and  that  the  ganglion  intercaroticum  consists  of  numbers  of  those  glome- 
ruli gathered  into  several  larger  masses,  and  of  dense  plexuses  of  nerves  surrounding 
respectively  the  glomeruli,  the  masses,  and  the  whole  structure.  Within  those  plex- 
uses nerve-cells  are  scattered,  but  not  in  very  great  number.  The  ganglion  is  usually 
about  one-fourth  of  an  inch  long ;  but,  according  to  Luschka,  may  be  divided  into 
small  separate  masses,  and  thus  escape  attention,  or  be  supposed  to  be  absent. — 
(Luschka,  Anat.  d.  Menschen,  vol.  i.  1862  ;  and  Julius  Arnold,  in  Virchow's  Archiv., 
June,  1865.) 

MTDBLB  CERVICAL  GANGLION. 

The  middle  ganglion  (ganglion  thyroideum),  much  the  smallest  of  the 
cervical  ganglia,  is  placed  on  or  near  the  inferior  thyroid  artery.  It  is 
usually  connected  witli^Jhe  fifth  and  sixth  spinal_nerves,  but  in  a  somewhat 
variable  manner.^  IT  gives  off  thyroid  branches  and  the  middle  cardiac 

nerve.  ~  . 

Thyroid  branches. — From  the  inner  side  of  the  ganglion  some  twigs 
proceed  along  the  inferior  thyroid  artery  to  the  thyroid  body,  where  they 
join  the  recurrent  laryngeal  and  the  external  laryngeal  nerves.  Whilst  on 
the  artery  these  branches  communicate  with  the  upper  cardiac  nerve. 

The  middle  cardiac  nerve  (nervus  cardiacus  profundus  v.  magnus)  of  the 
right  side  is  prolonged  to  the  chest  behind  the  sheath  of  the  common  carotid 
artery,  and  either  in  front  of  or  behind  the  subclavian  artery.     In  the 
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chest  it  lies  on  the  trachea,  where  it  is  joined  by  filaments  of  the  recurrent 
laryngeal  nerve,  and  it  ends  in  the  right  side  of  the  deep  cardiac  plexus. 
While  in  the  neck,  the  nerve  communicates  with  the  upper  cardiac  nerve 
and  the  recurrent  branch  of  the  pneumo-gastric. 

On  the  left  side,  the  middle  cardiac  nerve  enters  the  chest  between  the 
left  carotid  ajid  subclavian  arteries,  and  joins  the  left  side  of  the  deep 
cardiac  plexus. 

When  the  middle  cervical  ganglion  is  small,  the  middle  cardiac  nerve  may  be 
found  to  bo  an  offset  of  the  inter-ganglionic  cord. 

LOWER  CERVICAL  GANGLIOIT, 

The  lower  or  third  cervical  ganglion  is  irregular  in  shape,  usually  some- 
what flattened  and  round  or  semilunar,  and  is  frequently  united  in  part 
to  the  first  thoracic  ganglion.  Placed  in  a  hollow  between 'theTfansverse 
process  of  the  last  cervical  vertebra  and  the  neck  of  the  first  rib,  it  is  con- 
cealed by  the  vertebral  artery.  It  is  connected  by  short  communicating 
cords  with  the  two ^Lowest  ceiTical  nerves.  Numerous  branches  are  given 
off  from  it,  among  which  the  largest  is. the  lower  cardiac  nerve. 

The  lower  cardiac  nerve,  issuing  from  the  third  cervical  ganglion  or 
from  the  first  thoracic,  inclines  inwards  on  the  ri(/ht  side,  behind  the  sub- 
clavian artery,  and  terminates  in  the  cardiac  plexus  behind  the  arch  of  the 
aorta.  It  communicates  with  the  middle  cardiac  and  recurrent  laryngeal 
nerves  behind  the  subclavian  artery. 

On  the  left  side,  the  lower  cardiac  often  becomes  blended  with  the  middle 
cardiac  nerve,  and  the  cord  resulting  from  their  union  terminates  in  the 
deep  cardiac  plexus. 

Branches  to  blood-vessels. — From  the  lowest  cervical  and  first  dorsal 
ganglia  a  few  slender  branches  ascend  along  the  vertebral  artery  in  its 
osseous  canal,  forming  a  plexus  round  the  vessel  by  their  inter-communica- 
tions, and  supplying  it  with  offsets.  This  plexus  is  connected  with  the 
cervical  spinal  nerves  as  far  upwards  as  the  fourth. 

One  or  two  branches  frequently  pass  from  the  lower  cervical  ganglion  to 
the  first  dorsal  ganglion  in  front  of  the  subclavian  artery,  forming  loops 
round  the  vessel  (ansae  Vieussenii),  and  supplying  it  with  small  offsets. 

THORACIC  PART  OF  THE  GANGLIATED  CORD. 

In  the  thorax  the  gangliated  cord  is  placed  towards  the  side  of  the  spinal 
column,  in  a  line  passing  over  the  heads  of  the  ribs.  It  is  covered  by  the 
pleura,  and  crosses  the  intercostal  blood-vessels. 

Opposite  the  head  of  each  rib  the  cord  usually  presents  a  ganglion, 
so  that  there  are  commonly  twelve  of  these  ;  but,  from  the  occasional 
coalescence  of  two,  the  number  varies  slightly.  The  first  ganglion  when 
distinct  is  larger  than  the  rest,  and  is  of  an  elongated  form  ;  but  it  is  often 
blended  with  the  lower  cervical  ganglion.  The  rest  are  smaE,  generally 
oval,  but  very  various  in  form. 

Connection  ivith  the  spinal  9ieri;es.— The  branches  of  connection  between 
the  spinal  nerves  and  the  ganglia  of  the  sympathetic  are  usually  two  in 
number  for  each  ganglion  ;  one  of  these  generally  resembling  the  spinal 
nerve  m  structure,  the  other  more  similar  to  the  sympathetic  nerve. 


BRANCHES  OF  THE  GANGLIA. 

The  branches  furnished  by  the^irsi  five  or  six  ganglia  are  small,  and 
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Pi".  454.  DrAQRAMMATIO  VlHW  OP  TnB  SyMPATHETIO  CoRD  OP  TnP.  UlOHT  SiDE,  SHOWINa 

ITS   CONNECTtONS   WITH    TUE   PrINOIPAL   CeUEBKO-SpiNAL    NliRVKS    AND   THE  MaIN 

Preaortic  Plk.xuses.  ^ 

Cerebrospinal  Nerves. — VI,  a  portion  of  the  sixth  cranial  nerve  as  it  passes  through 
the  cavernous  sinus,  receiving  two  twigs  from  the  carotid  plexus  of  the  sympathetic  nerve  ; 
0,  ophthalmic  ganglion  connected  by  a  twig  with  the  carotid  plexus  ;  M,  connection  of  the 
spheno-palatine  ganglion  by  the  Vidian  nerve  with  tlie  carotid  plexus  ;  C,  cervical  plexus  ; 
Br,  brachial  plexus  ;  D  6,  sixth  intercostal  nerve  ;  D  12,  twelfth;  L  3,  third  lumbar 
nerve  ;  S  1,  first  sacral  nerve  ;  S  3,  third  ;  S  5,  fifth  ;  Cr,  anterior  crural  nerve  ;  Or*,  great 
sciatic,  p7i,  pneumo-gastric  nerve  in  the  lower  parji.  of  the  neck;  r,  recurrent  nerve 
winding_roundThe~8ubcTavtah  artery. 

Sympathetic  Cord. — c,  superior  cervical  ganglion  ;  c',  second  or  middle  ;  c",  inferior  : 
from  each  of  these  ganglia'cardiac  nerves  (aU  deep  on  this  side)  are  ^^^^^ 
-the  caidiac  pteXtfs  ;  d  l,  placed  immediately  Ijelow  the  first  dorsal  sympatlietic"gahglion  ; 
<?67Ts~^pp6site  the  sixth;  11,  first  lumbar  ganglion;  eg,  the  terminal  or  coccygeal 
ganglion. 

Preaortic  and  Visceral  Plexuses. — pp,  pharyngeal,  and,  lower  down,  laryngeal 
plexus  ;  pi,  posterior  ijulmonary  plexus  spreading  from  the  pneumo-gastric  on  the  back 
of  the  right  bronchus  ;  ca,  on  the  aorta,  the  cardiac  plexus,  towards  which,  in  addition 
to  tlie  cardiac  nerves  frb'iir  tEe  tliFee  cervical  sympathetic  ganglia,  other  branches  are  seen 
descending  from  the  pneumo-gastric  and  recurrent  nerves  ;  co,_right  or  ppsterior,  and  co', 
left  or  anterior  coronary  plexus  ;  o,  oesophageal  plexus  in  long  m^Ees  on  the  gullet  ;  sp, 
great  splanchnic  nerve  formed  by  branches  from  the  fifth,  sixth,  seventh,  eighth,  and 
ninth  dorsal  ganglia  ;  +,  small  splanchnic  from  the  ninth  and  tenth  ;  +  +  ,  smallest  or 
third  splanchnic  from  the  eleventh  :  the  first  and  second  of  these  are  shown  joining  the 
solar  plexus,  so;  the  third  descending  to  the  renal  plexus,  re;  connectiag  branches 
between  the  solar  plerus  and  the  pneumo-gastric  nerves  are  also  represented  ;  pn',  above 
the  place  where  the  right  pneumo-gastric  passes  to  the  lower  or  posterior  surface  of  the 
stomach  ;  p  n",  the  left  distributed  on  the  anterior  or  upper  surface  of  the  cardiac  portion 
of  the  organ  :  from  the  solar  plexus  large  branches  are  seen  surrounding  the  arteries  of 
the  coeliac  axis,  and  descending  to  ms,  the  superior  mesenteric  plexus  ;  opposite  to  this 
is  an  indication  of  the  suprarenal  plexus  ;  below  re  (the  renal  plexus),  the  spermatic 
plexus  is  also  indicated  ;  ao,  on  the  front  of  the  aorta,  marks  the  aortic  plexus,  formed 
by  nerves  descending  from  the  solar  and  superior  mesenteric  plexuses  and  from  the  lumbar 
ganglia;  mi,  the  inferior  mesenteric  plexus  surrounding  the  corresponding  artery ;  hy, 
hypogastric  plexus  placed  between  the  common  iliac  vessels,  connected  above  with  the 
aortic  plexus,  receiving  nerves  from  the  lower  lumbar  ganglia,  and  dividing  below  into  the 
right  and  left  pelvic  or  inferior  hypogastric  plexuses  ;  pi,  the  right  pelvic  plexus  ;  from 
this  the  nerves  descending  are  joined  by  those  from  the  plexus  on  the  superior  hemor- 
rhoidal vessels,  mi',  by  sympathetic  nerves  from  the  sacral  ganglia,  and  by  numerous 
visceral  nerves  from  the  third  and  fourth  sacral  spinal  nerves,  and  there  are  thus  formed 
the  rectal,  vesical,  and  other  plexuses,  which  ramify  upon  the  viscera  from  behind  for- 
wards and  from  below  upwards,  as  towards  ir,  and  v,  the  rectum  and  bladder. 


distributed  in  a  great  measure  to  the  thoracic  aorta,  the  vertebrae,  and  liga- 
ments.   Several  of  these  branches  enter  the  posterior  pulmonary  plexus. 

The  branches  furnished  by  the  lower  six  or  seven  ganglia  unite  into  three 
cords  on  each  side,  which  pass  down  to  join  plexuses  in  the  abdomen,  and 
are  distinguished  as  the  great,  the  smaU,  and  the  smallest  splanchnic  nerve. 

THE  GREAT  SPLANCHNIC  NERVE. 

This  nerve  is  formed  by  the  union  of  small  cords  (roots)  given  off  by  the 
thoracic  ganglia  from  the  fifth  or  sixth  to  the  ninth  or  tenth  inclusive.  By 
careful  examination  of  specimens  after  immersion  in  acetic  or  diluted  nitric 
acul,  smaU  filaments  may  be  traced  from  the  splanchnic  roots  upwards  aa 
far  as  the  third  ganglion,  or  even  as  far  as  the  first  (Beck,  in  the  "  Philo- 
sophical Transactions,"  Part  2,  for  1846), 

GraduaUy  augmented  by  the  successive  addition  of  the  several  roots  the 
cord  descends  obliquely  inwards  over  the  bodies  of  the  dorsal  vertebrse  • 
and,  after  perforatmg  the  crus  of  the  diaphragm  at  a  variable  point,  termi- 
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nates  in  the  semilunar  ganglion,  frequently  sending  some  filaments  to  the 
renal  plexus  and  the  suprarenal  body. 

The  splanchnic  nerve  is  remarkable  from  its  white  colour  and  firmness 
which  are  owing  to  the  preponderance  of  the  spinal  nerve-fibres  in  its 
composition. 

In  the  chest  the  great  splanchnic  nerve  is  not  unfrequently  divided  into  parts,  and 
forms  a  plexus  with  the  small  splanchnic  nerve.  Occasionally  also  a  small  ganglbn 
(ganglion  splanchnicum)  is  formed  on  it  over  the  last  dorsal  vertebra,  or  the  last  but 
one  ;  and  when  it  presents  a  plexiform  arrangement,  several  small  ganglia  have  been 
observed  on  its  divisions. 

In  eight  instances  out  of  a  large  number  of  bodies,  Wrisberg  observed  a  fourth 
s^anchnic  nerve  (nervus  splanchnicus  supremus).  It  is  described  as  formed  by 
ottsets  from  the  cardiac  nerves,  and  from  the  lower  cervical,  as  well  as  some  of 
the  upper  thoracic  ganglia,  ("Observ.  Anatom.  de  Nerv.  Viscerum  particula 
prima,  p.  25,  sect.  3.) 

SMALL  SPLANCHNIC  NERVE. 

The  small  or  second  splanchnic  nerve  springs  from  the  tenth  or  eleventh 
ganglia,  or  from  the  neighbouring  part  of  the  cord.  It  passes  along  with  the 
preceding  nerve,  or  separately  through  the  diaphragm,  and  ends  in  the 
cceliac  plexus.  In  the  chest  this  nerve  often  communicates  with  the  large- 
splanchnic  nerve  ;  and  in  some  instances  it  furnishes  filaments  to  the  renal 
plexus,  especially  if  the  lowest  splanchnic  nerve  is  very  small  or  wanting. 

SMALLEST  SPLANCHNIC  NERVE. 

This  nerve  (nerv,  renalis  posterior — "Walter)  arises  from  one  of  the  lowest 
thoracic  ganglia,  and  communicates  sometimes  with  the  nerve  last  described. 
After  piercing  the  diapliragm,  it  ends  in  the  renal  plexus,  and  in  the  inferior 
part  of  the  coeliac  plexus. 

LUMBAR  PART  OF  THE  GANGLIATED  CORD. 

In  the  lumbar  region  the  two  gangliated.  cords  approach  one  another 
more  nearly  than  in  the  thorax.  They  are  placed  before  the  bodies  of  the 
vertebrae,  each  lying  along  the  inner  margin  of  the  psoas  muscle  ;  and  that 
of  the  right  side  is  partly  covered  by  the  vena  cava. 

The  ganglia  are  small,  and  of  an  oval  shape.  They  are  commonly  four 
in  number,  but  occasionally,  when  their  number  is  diminished,  they  are  of 
larger  size. 

Connection  with  spinal  nerves, — In  consequence  of  the  greater  distance  at 
which  the  lumbar  ganglia  are  placed  from  the  intervertebral  foramina,  the 
branches  of  connection  with  the  spinal  nerves  are  longer  than  in  other 
parts  of  the  gangliated  cord.  There  are  generally  two  connecting  branches 
for  each  ganglion,  but  the  number  is  not  so  uniform  as  it  is  in  the  chest ; 
nor  are  those  belonging  to  any  one  ganglion  connected  always  with  the 
same  spinal  nerve.  The  connecting  branches  accompany  the  lumbar  arte- 
ries, and,  as  they  cross  the  bodies  of  the  vertebrae,  are  covered  by  the 
fibrous  bands  which  give  origin  to  the  larger  psoas  muscle. 

Branches. — The  branches  of  these  ganglia  are  uncertain  in  their  number. 
Some  join  a  plexus  on  the  aorta  ;  others  descending  go  to  form  the  hypo- 
gastric plexus.  Several  filaments  are  distributed  to  the  vertebrso  and  the 
ligaments  connecting  them. 

SACRAL  PART  OF  THE  GANGLIATED  CORD, 
Over  the  sacrum  the  gangliated  cord  of  the  sympathetic  nerve  is  much 
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(limiuished  iu  size,  and  gives  but  few  branches  to  the  viscera.  Its  position 
on  the  front  of  the  sacrum  is  along  the  inner  side  of  the  anterior  sacral 
foramina  -  and,  like  the  two  series  of  those  foramina,  the  two  cords  approach 
one  another  in  their  progress  downwards.  The  upper  end  of  each  is  con- 
nected  with  the  last  lumbar  ganglion  by  a  single  or  a  double  intergangliomc 
cord  ;  and  at  the  lower  end,  they  are  connected  by  means  of  a  loop  with 
a  single  median  ganglion,  ganglion  impar,  placed  on  the  fore  part  of  the 
coccyx.  The  sacral  ganglia  are  usually  five  in  number ;  but  the  variation 
both  in  size  and  number  is  more  marked  in  these  than  in  the  thoracic 
or  lumbar  ganglia. 

Connection  icith  spinal  nerves. — ^From  the  proximity  of  the  gacral  ganglia 
to  the  spuial  nerves  at  their  emergence  from  the  foramina,  the  com.- 
municating  branches  are  very  short :  there  are  usually  two  for  each  ganglion, 
and  these  are  in  some  cases  connected  with  different  sacral  nerves.  The 
coccygeal  nerve  communicates  with  the  last  sacral,  or  the  coccygeal  ganglion. 

Branches. — The  branches  proceeding  from  the  sacral  ganglia  are  much 
smaller  than  those  from  other  ganglia  of  the  cord.  They  are  for  the 
most  part  expended  on  the  front  of  the  sacrum,  and  join  the  corresponding 
branches  from  the  opposite  side.  Some  filaments  from  one  or  two  of  the 
first  gangha  enter  the  hypogastric  plexus,  while  others  go  to  form  a  plexus 
on  the  middle  sacral  artery.  From  the  loop  connecting  the  two  cords  on 
which  the  coccygeal  ganglion  is  formed,  filaments  are  given  to  the  coccyx 
and  the  ligaments  about  it,  and  to  the  coccygeal  gland. 


COCCYGEAL  GLAND. 

Under  this  name  has  been  described  by  Luschka  a  minute  structure, 
which  has  since  received  the  attention  of  a  number  of  writers.  It  is 
usually,  according  to  Luschka,  of  the  size  of  a  lentil,  and  sometimes  as  large 
as  a  smaU  pea  ;  its  colour  is  reddish  grey  ;  its  surface  lobulated  ;  and  it 
occupies  a  hollow  at  the  tip  of  the  coccyx,  between  the  tendons  attached  to 
that  part.  It  receives  terminal  twigs  of  the  middle  sacral  artery  and 
minute  filaments  from  the  ganglion  impar.  It  consists  of  an  aggregation  of 
grains  or  lobules,  which  in  some  instances  remain  separate  one  from 
another.  These  lobules  are  principally  composed  of  thick-walled  cavities  of 
vesicular  and  tubular  appearance,  described  by  Luschka  and  subsequent 
writers  as  closed  follicles  filled  with  cellular  contents,  but  recently  demon- 
strated by  Julius  Arnold  to  be  clumps  of  dilated  and  tortuous  small  arteries, 
with  thickened  muscular  and  epithelial  coats,  Nerve-cells  are  found  scattered 
in  the  stroma  of  the  organ. 

The  coccygeal  gland  is  a  structure  evidently  of  a  similar  nature  to  the  ganglion 
intercaroticum,  the  principal  differences  apparently  being,  tliat  the  glomeruli  of  the 
ganglion  intercaroticum  are  produced  principally  by  the  convolution  and  ramification 
of  arterial  twigs,  while  in  the  coccygeal  gland  there  is  dilatation  of  the  branches 
and  thickening  of  their  walls;  and  that  the  nervous  element  is  more  developed 
in  the  intercarotid  ganglion  than  in  the  coccygeal  gland.  Arnold,  with  Luschka, 
appears  inclined  to  consider  both  structures  as  allied  in  nature  to  the  suprarenal  cap- 
sules. According  to  Arnold,  there  is  always  a  number  of  small  grape-like  appen- 
dages on  the  coccygeal  part  of  the  middle  sacral  artery,  microscopic  in  size,  but 
similar  in  nature  to  the  lobules  of  which  the  coccygeal  gland  is  composed.  (Luschka, 
"  Dcr  Hirnanhang  und  die  Stcissdi-use  des  Menschcn."  Berlin,  1  SCO.  Also"Anat. 
d.  Jlensch.,"  vol.  ii.,  part  2,  p.  187.  Julius  Arnold  in  Virchow's  "  Archiv,"  March, 
1865.) 
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B.  THE  GREAT  PLEXUSES  OP  THE  SYMPATHETIC,  j 

Under  this  head  may  be  included  certain  large  plexusea  of  nerves  placed 
further  forwards  in  the  visceral  cavity  than  the  gangliated  cords,  and 
furnishing  branches  to  the  viscera.  The  principal  of  these  plexuses  are  the 
cardiac,  the  solar,  and  the  hypogastric  with  the  pelvic  plexuses  prolonged 
from  it.  They  are  composed  of  assemblages  of  nerves,  or  of  nerves  and 
ganglia,  and  from  them  smaller  plexuses  are  derived. 

CARDIAC  PLEXUS. 
This  plexus  receives  the  cardiac  branches  of  the  cervical  ganglia  and  those 
of  the  pneumo-gastric  nerves,  and  from  it  proceed  the  nerves  which  supply 
the  heart,  besides  some  oflsets  which  contribute  to  the  nervous  supply  of 
the  lungs.  Itjjes  upon  the  aorta  and  pulmonary  artery,  where  these  vessels 
are  in  contact,  and  in  its  network  are  distinguished  two  parts,  the  superficial 
and  the  deep  cardiac  plexuses,  the  deep  plexus  being  seen  behind  the  vessels, 
and  the  superficial  more  in  front,  but  both  being  closely  connected.  The 
branches  pass  from  these  plexuses  chiefly  forward  ia  two  bundles,  accom- 
panying the  coronary  arteries. 

SDPERFICIAL  CARDIAC  PLEXUS. 

The  superficial  cardiac  plexus  lies  in  the  concavity  of  the  arch  of  the 
i  aorta,  in  front  of  the  right  branch  of  the  pulmonary  artery.    In  it  the 
1  superficial  or  first  cardiac  nerve  of  the  sympathetic  of  the  left  side  termi- 
I  nates,  either  wholly  or  in  part,  together  with  the  lower  cardiac  branch  of 
the  left  pneumo-gastric  nerve,  and  in  some  cases  also  that  of  the  right 
side.     In  the  superficial  plexus  a  small  ganglion,  the  ganglion  of  Wrisberg, 
is  frequently  found  at  the  point  of  union  of  the  nerves.    Besides  ending  in 
\  the  anterior  coronary  plexus,  the  superficial  cardiac  furnishes  laterally 
filaments  along  the  pulmonary  artery  to  the  anterior  pulmonary  plexus  of 
the  left  side. 

DEEP  CARDIAC  PLEXUS. 

The  deep  cardiac  plexus,  much  larger  than  the  superficial  one,  is  placed 
behind  the  arch  of  the  aorta,  between  it  and  the  end  of  the  trachea,  and 
above  the  point  of  division  of  the  pulmonary  artery. 

This  plexus  receives  all  the  cardiac  branches  of  the  cervical  ganglia  of  the 
sympathetic  nerve,  except  the  first  or  superficial  cardiac  nerve  of  the  left 
I   side.     It  likewise  receives  the  cardiac  nerves  furnished  by  the  vagus  and  by 
the  recurrent  laryngeal  branch  of  that  nerve,  with  the  exception  of  the 
left  lower  cardiac  nerve. 

Of  the  branches  from  the  right  side  of  the  plexus,  the  greater 
number  descend  in  front  of  the  right  pulmonary  artery,  and  join  branches 
from  the  superficial  part  in  the  formation  of  the  anterior  coronary  plexus, 
while  the  rest,  passing  behind  the  right  pulmonary  artery,  are  distributed 
to  the  right  auricle  of  the  heart,  and  a  few  filaments  are  continued 
into  the  posterior  coronary  plexus. 

On  the  left  side,  a  few  branches  pass  forwards  by  the  side  of  the  ductus 
arteriosus  to  join  the  superficial  cardiac  plexus  ;  but  the  great  majority 
end  in  the  posterior  coronary  plexus. 

The  deep  cardiac  plexus  sends  filaments  to  the  anterior  pulmonary  plexus 
on  each  side. 
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Coronary  Plexuses. — The  anterior  coronary  plexus,  formed  at  first  from  the 
fibres  of  the  superfieial  cardiac  plexus,  passes  forwards  between  the  aorta  and  pul-l 
moaary  artery,  and,  having  received  an  j,cccssion  of  fibres  from  the  deep  cardiaq 
^plexus,  follows  tiie  course  oTtlie  left  or  anterior  coronary  artery.  I 
The  posterior  coronary  plexus,  derived  chiefly  from  the  left  part  of  the  deep  carJ 
diac  plexus,  but  joined  by  nerves  from  the  right  portion  of  that  plexus,  surrounding  tha 
branches  of  the  right  coronary  artery  accompany  them  to  the  back  of  the  heart. 

Nervous  filaments  ramify  in  great  number  under  the  lining  membrane  of  th ! 
heart.    They  are  not  so  easily  distinguished  in  man  as  in  some  animals.    In  th !  . 
heart  of  the  calf  or  lamb  they  arc  distinctly  seen  without  dissection,  running  in  linej  ] 
which  cross  obliquely  the  muscular  fibres.    ItcmakJvas  the  first  to  observe  that  thes  i  \^ 
branches  are  furnished  with  small  ganglia,  both  on  the  surface  and  in  the  muscular 
substance.   (Mulier's  "Archiv,"  1844.) 


SOLAR  OR  EPIGASTRIC  PLEXUS. 

The  solar  or  epigastric  plexus,  which  is  the  largest  of  the  prevertebral 
centres,  is  placed  at  the  upper  part  of  the  abdomen,  behind  the  stomach,  and 
in  front  of  the  aorta  and  the  pillars  of  the  diaphragm.  Surrounding  the 
origin  of  the  cceliac  axis  and  the  upper  mesenteric  artery,  it  occupies  the 
interval  between  the  suprarenal  bodies,  and  extends  downwards  as  far  as  the 
pancreas.  The  plexus  consists  of  nervous  cords,  with  several  ganglia  of 
various  sizes  connected  with  them.  The  large  splanchnic  nerves  of  both  sides, 
and  some  branches  of  the  pneumo-gastric,  terminate  in  it.  The  branches 
given  off  from  it  are  very  numerous,  and  accompany  the  arteries  to  the 
principal  viscera  of  the  abdomen,  constituting  so  many  secondary  plexuses 
on  the  vessels.  Thus  diaphragmatic,  cceliac,  renal,  mesenteric,  and  other 
plexuses  are  recognised,  which  follow  the  corresponding  arteries. 

Sendlunar  ganglia. — The  solar  plexus  contains,  as  already  mentioned, 
several  ganglia  ;  and  by  the  presence  of  these  bodies,  and  their  size,  it  is 
distinguished  from  the  other  prevertebral  plexuses.  The  two  principal 
ganglionic  masses,  named  semilunar,  though  they  have  often  little  of  the 
form  the  name  implies,  occupy  the  upper  and  outer  part  of  the  plexus,  one 
on  each  side,  and  are  placed  close  to  the  suprarenal  bodies  by  the  side  of 
the  cosliac  and  the  superior  mesenteric  arteries.  At  the  upper  end,  which 
is  expanded,  each  ganglion  receives  the  great  splanchnic  nerve. 

Diaphragmatic  Plexus. — The  nerves  (inferior  diaphragmatic)  composing  this 
plexus  are  derived  from  the  upper  part  of  the  semilunar  ganglion,  and  are  larger  on 
the  right  than  on  the  left  side.  Accompanying  the  arteries  along  the  lower  surface 
of  the  diaphragm,  the  nerves  sink  into  the  substance  of  the  muscie.  They  furnish 
some  filaments  to  the  suprarenal  body,  and  join  with  the  spinal  phrenic  nerves. 

At  the  right  side,  on  the  under  surface  of  the  diaphragm,  and  near  the  suprarenal 
body,  there  is  a  small  ganglion,  rjanglion  diapkrarjmaticum,  which  marks  the  junc- 
tion between  the  phrenic  nen^es  of  the  spinal  and  sympathetic  systems.  From  this 
small  ganglion  filaments  are  distributed  to  the  vena  cava,  the  suprarenal  body  and 
the  hepatic  plexus.  On  the  left  side  the  ganglion  is  wanting,  but  some  filaments  are 
prolonged  to  the  hepatic  plexus. 

Suprarenal  Plexus.— The  suprarenal  nerves  issue  from  the  solar  plexus  and  the 
outer  part  of  the  semilunar  ganglion,  a  few  filaments  being  added  from  the  diaphrag- 
matic nerve.  They  are  short,  but  numerous  in  comparison  with  the  size  of  the  body 
which  they  supply :  they  enter  the  upper  and  inner  parts  of  the  suprarenal  cap- 
sule. Ihese  nerves  are  continuous  below  with  the  renal  plexus.  The  plexus  is 
joined  by  branches  from  one  of  the  splanchnic  nerves,  and  presents  a  ganglion 
{gangl.  8planclinico-supra-)-enale),  where  it  is  connected  with  those  branches.  The 
plexus  and  ganglion  are  smaller  on  the  left  than  on  the  right  side. 
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Pio  455  -DfAaRiMMATio  View  op  the  SniPATitETio  Cord  op  the  Rioet  Side,  with 
■  ITS  PRiNOiPAii  Ganglia,  Plexuses,  and  Nerves. 

This  figure  is  repeated  ia  illustration  of  the  sympathetic  nerves  in  the  lower  half  of  the 

^"trsuperior  cervical  ganglion;  c',  second  or  middle  ;c",  inferior:  from  each  of  these 
can-lia  canir^Jc  nerves  (Jeep  on  this  side)  are  seen  deSCghaingrto  the  cardiac  pTexus  ;  dl, 
Dli^d-imrnecliately  below  the  first  dorsal  sympathetic  ganglion;  rf6,  is  opposite  the 
sixth  •  II,  first  lumbar  ganglion  ;  eg,  the  terminal  or  coccygeal  ganglion  ;  pi),  pharyngeal, 
and.  i.wer  down,  laryngeal  plexus ;  pi,  posterior  pulmonary  plexus  spreading  from  the 
pneumo-gastric  on  the  back  of  the  right  bronchus  ;  ca^^ on  the  aorta,  the  cardiac  plexus^ 
towards  wliich  in  addition  to  the  cardiac  nerves  from  the  three  cervical  sympathetic 
ganglia  otiier  branches  are  seen  descending  from  the  pneumogastric  aud  recurrent  nerves  ; 
CO  Ti'rht  or  posterior,  and  co',  left  or  anterior  coronary  plexus  ;  o,  ajsophageal  plexiis  m 
long  meshes  on  the  gullet ;  sp,  great  splanchnic  nerve  formed  by  branches  from  the  fifth, 
sixth,  seventh,  eighth,  and  ninth  dorsal  ganglia;  +,  small  splanchnic  from  the  ninth 
and  tenth  ;  +  +,  smallest  or  third  splanchnic  fi-om  the  eleventh  :  the  first  and  second  of 
these  are  shown  joining  the  solar  plexus,  so  /  the  third  descending  to  the  renal  plexus,  re; 
connecting  branches  between  the  solar  plexus  and  the  pneumo-gastric  nerves  are  also  re- 
presented ;  pn',  above  the  place  where  the  right  pneumo-gastric  passes  to  the  lower  or 
posterior  surface  of  the  stomach  ;  pn",  the  left  distributed  on  the  anterior  or  upper  surface 
of  the  cardiac  portion  of  the  organ :  from  the  solar  plexus  large  branches  are  seen  sur- 
rounding the  arteries  of  the  coeliac  axis,  and  descending  to  ms,  the  superior  mesenteric 
plexus ;  opposite  to  this  is  an  indication  of  the  suprarenal  plexus ;  below  re  (the  renal 
plexus),  the  spermatic  plexus  is  also  indicated ;  ao,  on  the  front  of  the  aorta,  marks  the 
aortic  plexus,  formed  by  nerves  descending  from  the  solar  and  superior  mesenteric  plexuses 
and  from  the  lumbar  ganglia ;  mi,  the  inferior  -mesenteric  plexus  surrounding  the  cor- 
responding artery ;  Jiy,  hypogastric  plexus  placed  between  the  common  iliac  vessels, 
connected  above  with  the  aortic  plexus,  receiving  nerves  from  the  lower  lumbar  ganglia, 
and  dividing  below  into  the  right  and  left  pelvic  or  inferior  hypogastric  plexuses  ;  2^1,  the 
right  pelvic  plexus  ;  from  this  the  nerves  descending  are  joined  by  those  from  the  plexus 
on  the  superior  hemorrhoidal  vessel,  mi',  by  sympathetic  nerves  from  the  sacral  gaogliaj 
and  by  numerous  visceral  nerves  from  the  third  and  fourth  sacral  spinal  nerves,  and  there 
are  thus  formed  the  rectal,  vesical,  and  other  plexuses,  which  ramify  upon  the  viscera  from 
behind  forwai'ds  and  from  below  upwards,  as  towards  ir,  and  v,  the  rectum  and  bladder. 


Eenal  Plexus. — The  nerves  forming  the  renal  plexus,  fifteen  or  twenty  in  number, 
emanate  for  the  most  part  from  the  outer  part  of  the  semilunar  ganglion ;  but 
some  are  added  from  the  solar  plexus  and  the  aortic  plexus.  Moreover,  filaments  from 
the  smallest  splanchnic  nerve,  and  occasionally  from  the  other  splanchnic  nerves, 
terminate  in  the  renal  plexus.  In  their  course  along  the  renal  artery,  ganglia  of  dif- 
ferent sizes  are  formed  on  these  nerves.  Lastly,  dividing  with  the  branching  of  the 
vessel,  the  nerves  follow  the  renal  arteries  into  the  substance  of  the  kidney.  On  the 
right  side  some  filaments  are  furnished  to  the  vena  cava,  behind  which  .the  plexus 
passes  with  the  renal  artery ;  and  others  go  to  form  the  spennatic  plexus. 

Spermatic  Plexus. —  This  small  plexus  commences  in  the  renal,  but  receives  in  its 
course  along  the  spermatic  artery  an  accession  from  the  aortic  plexus.  Continuing 
downwards  to  the  testis,  the  spermatic  nei-ves  are  connected  with  others  which 
accompany  the  vas  deferens  and  its  artery  from  the  pelvis. 

In  the  female,  the  plexus,  like  the  artery,  is  distributed  to  the  ovary  and  the 
uterus. 

C(ELiAo  Plexus. — This  plexus  is  of  large  size,  and  is  derived  from  the  fore  part 
of  the  great  epigastric  plexus.  It  surrounds  the  coeliac  axis  in  a  kind  of  membra- 
nous sheath,  and  subdivides,  with  the  artery,  into  coronary,  hepatic,  and  splenic 
plexuses,  the  branches  of  which  form  communications  corresponding  with  the  arches 
of  arterial  anastomosis.  The  plexus  receives  oflFsets  from  one  or  more  of  the 
splanchnic  nerves,  and  on  the  left  side  a  branch  from  the  pneumo-gastric  nerve  is 
continued  into  it.  (Swan.) 

The  coronary  ■plexus  is  placed  with  its  artery  along  the  small  curvature  of  the 
stomach,  and  unites  with  the  nerves  which  accompany  the  pyloric  artery,  as  well  as 
with  branches  of  the  pneumo-gastric  nerves.  The  nerves  of  this  plexus  enter  the 
coats  of  the  stomach,  after  running  a  short  distance  beneath  the  peritoneum. 

The  hppatic  plexus,  the  largest  of  the  three  divisions  of  the  coeliac  plexus,  ascends 
with  the  hepatic  vessels  and  the  bile-duct,  and,  entering  the  substance  of  the  liver. 
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ramLQcs  on  the  branches  of  the  vena  portoe  and  the  hepatic  artery.  Offsets  from  the 
left  pneumo-gastric  and  diaphragmatic  nerves  join  tiie  hepatic  plexus  at  the  left 
side  of  the  vessels.  From  this  plexus  filaments  are  furnished  to  the  right  supra- 
renal plexus,  as  well  as  other  secondary  plexuses  which  follow  the  branches  of  tlie 
hepatic  artery.  Thus  there  is  a  cystic  plexus  to  the  gallbladder;  and  there  are 
pyloric,  gaslro-epiploic,  and  gastro-duodenal  plexuses,  which  unite  with  coronaiy 
splenic,  and  mesenteric  nerves.  ' 

The  splenic  plexus,  continued  on  the  splenic  artery  and  its  branches  into  the 
substance  of  the  spleen,  is  reinforced  at  its  beginning  by  branches  from  the  left  semi- 
lunar ganglion,  and  by  a  filament  from  the  right  vagus  nerve.  It  furnishes  the  left 
iiaslro-epiploic  and  pancreatic  plexuses,  which  course  along  the  corresponding  branches 
of  the  splenic  artery,  and,  like  the  vessels,  are  distributed  to  the  stomach  and 
pancreas. 

Superior  Mesenteric  Plexus.— The  plexus  accompanying  the  superior  mesenteric 
artery,  whiter  in  colour  and  firmer  than  either  of  the  preceding  offsets  of  the  solar 
plexus,  envelopes  the  artery  in  a  membraniform  sheath,  and  receives  a  prolongation 
from  the  junction  of  the  right  pneumo-gastric  nerve  with  the  coeliac  plexus.  Near 
the  root  of  the  artery,  ganglionic  masses  (gangl,  meseraica)  occur  in  connection  with 
the  nerves  of  this  plexus. 

The  offsets  of  the  plexus  are  in  name  and  distribution  the  same  as  the  vessels. 
In  their  progress  to  the  intestine  some  of  the  nerves  quit  the  arteries  which  first  sup- 
ported them,  and  are  directed  forwards  in  the  intervals  between  the  vessels.  As  they 
proceed,  they  divide,  and  unite  with  lateral  branches,  like  the  arteries,  but  without 
the  same  regularity :  they  finally  pass  upon  the  intestine  along  the  line  of  attachment 
of  the  mesentery. 

THE  AOKTIC  PLEXUS. 

The  aortic  or  intermesenteric  plexus,  placed  along  the  abdominal  aorta, 
and  occupying  the  interval  between  the  origin  of  the  superior  and  inferior 
mesenteric  arteries,  consists,  for  the  most  pgxt,  of  two  lateral  portions, 
connected  with  the  semilunar  ganglia  and  renal  plexuses,  which  are  extended 
on  the  sides  of  the  aorta,  and  which  meet  La  several  larger  communicating 
branches  over  the  middle  of  that  vessel.  It  is  joined  by  branches  from  some 
of  the  lumbar  ganglia,  and  presents  no.t  unfrequently  one  or  more  distinct 
ganglionic  enlargements  towards  its  centre. 

The  aortic  plexus  furnishes  the  inferior  mesenteric  plexus  and  part  of  the 
spermatic,  gives  some  filaments  to  the  lower  vena  cava,  and  ends  below 
in  the  hypogastric  plexus. 

Inferior  Mesenteric  Plexus. — This  plexus  is  derived  principally  from  the  left 
lateral  part  of  the  aortic  plexus,  and  closely  surrounds  with  a  network  the  inferior 
mesenteric  artery.  It  distributes  nerves  to  the  left  or  descending  part  and  the 
sigmoid  flexure  of  the  colon,  and  assists  in  supplying  the  rectum.  The  nerves  of  this 
plexus,  like  those  of  the  superior  mesenteric  plexus,  are  firm  in  texture,  and  of  a 
whitish  colour. 

The  highest  branches  (those  on  the  left  colic  artery)  are  connected  with  the  last 
branches  (middle  colic)  of  the  superior  mesenteric  plexus,  while  others  in  the  pelvis 
unite  with  offsets  derived  from  the  pelvic  plexus. 


HYPOGASTRIC  PLEXUS. 

The  hypogastric  plexus,  the  assemblage  of  nerves  destined  for  the  supply 
of  the  viscera  of  the  pelvis,  lies  invested  in  a  sheath  of  dense  connective 
tissue  in  the  interval  between  the  two  common  iliac  arteries.  It  is  formed 
by  eight  or  ten  nerves  on  each  side,  which  descend  from  the  aortic  plexus, 
receiving  considerable  branches  from  the  lumbar  ganglia,  and,  after  crossing 
the  common  iliac  arteiy,  interlace  in  the  form  of  a  flat  plexiform  mass 
placed  in  front  of  the  lowest  lumbar  vertebra.     The  plexus  contains  no 


HYPOGASTRIC  AND  PELVIC  PLEXUSES. 


703 


distinct  ganglia.  At  the  lower  end  it  divides  into  two  parts,  which  are 
directed  forwards,  one  to  each  side  of  the  pelvic  viscera,  and  form  the  pelvic 
plexuses. 

PELVIC  PLEXUS. 

The  pelvic  or  inferior  hypogastric  plexuses,  one  on  each  side,  are  placed  in 
the  lower  part  of  the  pelvic  cavity  by  the  side  of  the  rectum,  and  of  the 
vagina  in  the  female.  The  nerves,  prolonged  from  the  hypogastric  plexus, 
enter  into  repeated  communications  as  they  descend,  and  form  at  the  points 
of  connection  small  knots,  which  contain  a  little  ganglionic  matter.  After 
descending  some  way,  they  become  united  with  branches  of  the  spinal 
nerves,  as  well  as  with  a  few  oflfsets  of  the  sacral  ganglia,  and  the  union  of 
all  constitutes  the  pelvic  plexus.  The  spinal  branches,  which  enter  into 
the  plexus,  are  furnished  from  the  third  and  fourth  sacral  nerves,  especially 
the  third  ;  and  filaments  are  likewise  added  from  the  first  and  second 
sacral  nerves.  Small  ganglia  are  formed  at  the  places  of  union  of  the  spinal 
nerves,  as  well  as  elsewhere  in  the  plexus  (plexus  gangliosus — ^Tiedemann). 

From  the  plexus  so  constituted  numerous  nerves  are  distributed  to  the 
pelvic  viscera.  They  correspond  with  the  branches  of  the  internal  iliac 
artery,  and  vary  with  the  sex  ;  thus,  besides  heemorrhoidal  and  vesical 
nerves,  which  are  common  to  both  sexes,  there  are  nerves  special  to 
each  : — namely,  in  the  male,  for  the  prostate,  vesicula  seminalis,  and  vas 
deferens  ;  in  the  female,  for  the  vagina,  uterus,  ovary,  and  Fallopian  tube. 

The  nerves  distributed  to  the  urinary  bladder  and  the  vagina  contain  a 
larger  proportion  of  spinal  nerves  than  those  furnished  to  the  other  pelvic 
viscera. 

Inferior  Hemorrhoidal  Nerves. — These  slender  nerves  proceed 
from  the  back  part  of  the  pelvic  plexus.  They  join  with  the  nerves 
(superior  haemorrhoidal)  which  descend  with  the  inferior  mesenteric  artery, 
and  penetrate  the  coats  of  the  rectum. 

Vesical  Plexus. — The  nerves  of  the  urinary  bladder  are  very  numerous. 
They  are  directed  from  the  anterior  part  of  the  pelvic  plexus  to  the  side 
and  lower  part  of  the  bladder.  At  first,  these  nerves  accompany  the  vesical 
blood-vessels,  but  afterwards  they  leave  the  vessels,  and  subdivide  into 
minute  branches  before  perforating  the  muscular  coat  of  the  organ. 
Secondary  plexuses  are  given  in  the  male  to  the  vas  deferens  and  the 
vesicula  seminalis. 

The  nerves  of  the  vas  deferens  ramify  round  that  tube,  and  communicate 
in  the  spermatic  cord  with  the  nerves  of  the  spermatic  plexus.  Those 
furnished  to  the  vesicula  seminalis  form  an  interlacement  on  the  vesicula, 
and  some  branches  penetrate  its  substance.  Other  filaments  from  the 
prostatic  nerves  reach  the  same  structure. 

Prostatto  Plexus. — The  nerves  of  this  plexus  are  of  considerable  size, 
and  pass  onwards  between  the  prostate  gland  and  the  levator  ani.  Some  are 
furnished  to  the  prostate  and  to  the  vesicula  seminalis ;  and  the  plexus  is 
then  continued  forwards  to  supply  the  erectile  substance  of  the  penis,  where 
its  nerves  are  named  "  cavernous." 

Cavernous  nerves  of  the  penis.— These  are  very  slender,  and  difficult  to 
dissect.  Contmuing  from  the  prostatic  plexus  they  pass  onwards,  beneath 
the  arch  of  the  pubes,  and  through  the  muscular  structure  connected  with 
the  membranous  part  of  the  urethra,  to  the  dorsum  of  the  penis.  At  the 
antenor  margin  of  the  levator  ani  muscle  the  cavernous  nerves  are  joined 
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by  some  short  filaments  from  the  pudic  nerve.  After  distributing  twigs  to 
the  fore  part  of  the  prostate,  these  nerves  divide  into  branches  for  the  erectile 
substance  of  the  penis,  as  follows  : — 

Small  cavernous  nerves  (Milller),  which  perforate  the  fibrous  covering  of 
the  corpus  cavemosum  near  the  root  of  the  penis,  and  end  in  the  erectile 
substance. 

The  large  cavernous  nerve,  which  extends  forward  on  the  dorsum  of  the 
penis,  and  dividing,  gives  filaments  that  penetrate  the  corpus  cavemosum, 
and  pass  with  or  near  the  cavernous  artery  (art.  profunda  penis).  As  it 
continues  onwards,  this  nerve  joins  with  the  dorsal  branch  of  the  pudic 
nerve  about  the  middle  of  the  penis,  and  is  distributed  to  the  corpus 
cavemosum.  Branches  from  the  foregoing  nerves  reach  the  corpus  spongi- 
osum iirethrse.  (Miiller,  *'  Ueber  die  organischen  Nerven  der  erectilen 
mannlichen  Gesclilechtsorgane,"  <fec.  Berlin,  1836.) 

IsERVES  OP  THE  OvART. — The  ovary  is  supplied  chiefly  from  the  plexus 
prolonged  on  the  ovarian  artery  from  the  abdomen  ;  but  it  receives  another 
offset  from  the  uterine  nerves. 

Vaginal  Plexus. — The  nerves  furnished  to  the  vagina  leave  the  lower 
part  of  the  pelvic  plexus — that  part  with  which  the  spinal  nerves  are  more 
particularly  combined.  They  are  distributed  to  the  vagina  without  pre- 
viously entering  into  a  plexiform  arrangement  ;  and  they  end  in  the  erectile 
tissue  on  the  lower  and  anterior  part,  and  in  the  miicous  membrane. 

Nerves  of  the  Uterus.; — These  nerves  are  given  more  immediately 
from  the  lateral  fasciculus  prolonged  to  the  pelvic  plexus  from  the  hypo- 
gastric plexus,  above  the  point  of  connection  with  the  sacral  nerves. 
Separating  opposite  the  neck  of  the  uterus,  they  are  directed  upwards  with' 
the  blood-vessels  along  the  side  of  this  organ,  between  the  layers  of  its 
broad  ligament.  Some  very  slender  filaments  form  round  the  arteries  a 
plexus,  in  which  minute  ganglia  are  found  scattered  at  intervals,  and  these 
nerves  continue  their  course  in  the  substance  of  the  organ  in  connection 
with  the  blood-vessels.  But  the  larger  part  of  the  nerves  soon  leave  the 
vessels  ;  and  after  dividing  repeatedly,  without  communicating  with  each 
other  and  without  forming  any  gangliform  enlargements,  sink  into  the  sub- 
stance of  the  uterus,  penetrating  for  the  most  part  its  neck  and  the  lower 
part  of  its  body.  One  branch,  continued  directly  from  the  common  hypo- 
gastric plexus,  reaches  the  body  of  the  uterus  above  the  rest  ;  and  a  nerve 
from  the  same  source  ascends  to  the  Fallopian  tube.  Lastly,  the  fundus  of 
the  uterus  often  receives  a  brajich  from  the  ovarian  nerve.  (Fr.  Tiede- 
mann,  Tab.  Nerv.  Uteri,  Heidelberg,  1822  ;  Robert  Lee,  in  Phil.  Trans., 
1841,  1842,  1846,  and  1849;  and  Snow  Beck,  in  PliQ.  Trans.,  1846, 
part  ii.) 

The  nerves  of  the  gravid  uterus  have  been  frequently  investigated, 
with  a  view  to  discover  if  they  become  enlarged  along  with  the  increase 
in  size  of  the  organ.  It  is  ascertained  that  the  increase  which  takes  place 
is  confined,  for  the  most  part,  to  thickening  of  the  fibrous  envelopes  of 
the  nerves  ;  but  it  appears  also,  from  the  researches  of  Kilian,  that  fibres 
furnished  with  a  medullary  sheath,  which  in  the  unimpregnated  state  of  the 
uterus  lose  that  sheath  as  they  proceed  to  their  distribution,  in  the  im- 
pregnated condition  of  the  uterus  continue  to  be  surrounded  with  it  as 
they  run  between  the  muscular  fibres.  (Farre,  in  Supijlemeut  of  Cyclopaedia 
of  Anat.  and  Pbys.,  "  Uterus  and  Appendages.") 
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